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Intel the Microcomputer Company: 
When Intel invented the microprocessor in 1971, it created the era of 
microcomputers. Whether used in embedded applications such as automobiles 
or microwave ovens, or as the CPU in personal computers or supercomputers, 
Intel's microcomputers have always offered leading-edge technology. Intel continues 
to strive for the highest standards in memory, microcomputer components, modules 
and systems to give its customers the best possible competitive advantages. 
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Reprogrammable Non- Volatile 
Memories) 
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FLASH 

A NEW WAY TO DEAL WITH MEMORY 



Computers use memory to perform several functions-toackup storaae executable o«« . 

manipulation. Today, in systems wnere the code chanaes RAM ncif .5 storage, and data 

for execution t,y the processor. RAM also se^es ^^^^^^^^ 

technology. Since ORAM is volatile, mass storage or tJaneV^bSked SRaS^s '^"'^ 
growing I/O bottleneck. ^ ^""^ "° ''^'"'^^ ^« ^very ten years, causing a 



Lighn^eight solid state systems are becoming desirable and feasible m the reprogrammable environment 

The breakthrough is Flash. 

rt^~?.— j^^^^^^^^ 

'^-'lo^!^^^^^^^^^^ ^--V^ EPROM/DRAM. „ has higher 

far exceeds disks 5oi mean 'me Seen falTesVpf^^^ endurance unoer typical use 

coae. and rewritab.lity for changes A rep" oa a^mLi?^^^^ 'O' 

ROM/EPROM to boot, does not need dL for m^T. 'l!^ ^"'"'"^ f^'^*" not need 

srorage (RAM ,s still used for da!a manipulation, ^ ' ' "^^'^ "^"^ '^'"^^ "^'^""O" 

aV;rt"hara'S?AMredTs"^ TSm c^d 'T^ ^T'' '^^^^ ^'3"- ^^^^ P^'^-- 

ourposes. ^ ^""^ optical or other mass storage for archival 

~%T~>!'^^^SoZnZ'S£ '.site:? ;:r ^"'^^ — 

oenefits that Intel Flash technoloav can orn«,rt« mJl; . . ® oertormance. reliability and other 
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28F256 

256K (32K x 8) CMOS FLASH MEMORY 



Flash Electrical Chtp*Erase 

— 1 Second Typical Chip-Erase 

Quick-Pulse Programming™ Algorithm 

— 100 MS Typical Byte-Program 

— 4 Second Chip-Program 

100 Min Erase/Program Cycles (10K 
Min Version Avail 1H90) 

12.0V Vpp Supply 

High-Performance Speeds 

— 170 n.« Maximum Access Time 

Low Power Consumption 

— 100 uA Maximum Standby Current 



■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

■ Noise Immunity Features 

— r 10% Vcc Tolerance 

— Maximum Latch-Up Immunity 
through EPI Processing 

■ ETOXTM Flash-Memory Technology 

— EPROM-Compatible Process Base 

— High-Volume Manufacturing 
Experience 

m Compatible with JEOEC-Standard Byte- 
Wide EPROM Pinouts 

— 32.Pln Cerdip 

— 32.Lead PLCC 

fS«e PtCMQtng So«C.. Ord^r « 231369) 

Intel's 28F256 CMOS flash-memory offers the most cost-effective and reliable alternative for updatable non- 
volatile memory. The 28F256 adds eiectncal chip-erasure and reprogramming to familiar EPROM technology 
Memory Contents can be erased and reprogrammed: in a test socket: in a PROM-programmer socket: on- 
board dunng subassembly test: in-system during final test; and in-system after-sale. The 28F256 increases 
memory flexibility, while contnbuting to time- and cost-savings. The 28F256 is targeted for alterable code- 
or data-storage applications where traditional E2PR0M functionality (byte-erasure) is either not required 
or rot cost-effective. The 28F256 can also be applied where EPROM ultraviolet erasure is impractical or 
time-consuming. 

The 28F256 is a 256-kilobit non-volatile memory organized as 32768 bytes of 8 bits. Intel's 28F256 is offered 
in 32-pin Cerdip or 32-lead PLCC packages. Pin assignments conform to JEDEC standards for byte-wide 
cPROMs. 



Intel's 28F256 employs advanced CMOS circuitry for systems requinng high-performance access speeds, low 
power consumption, and immunity to noise. Its 170 nanosecond access time provides no-WAIT-state pertijrm. 
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 trans- 
lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is 
achieved through Intel's unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA 
on address and data pins, from - 1 V to Vcc * ^ V. 

With Intel's ETOXTM (EPROM tunnel oxide) process base, the 28F256 levers years of EPROM experience to 
yield the highest levels of quality, reliability, and cost-effectiveness. 
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Figure 1. 28F256 Block Diagram 
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Figure 2. 28F256 Pin Configurations 
Table 1. Pin Description 



Symbol 



Type 



A0-A.4 



INPUT 



Name and Function 



ADDRESS INPUTS for memory addresses. Addresses are internally 
latched during a write cycie. 



DQ0-OQ7 INPUT/OUTPUT 



DATA INPUT/OUTPUT: Inputs data during memory wnte cycles; 
outputs data during memory read cycles. The data pins are active high 
and float to tn-state OFF when the chip is deselected or the outputs 
are disabled. Data is internally latched during a write cycle. 



CE 



, INPUT 



OE 



: INPUT 



CHIP ENABLE: Activates the device's control logic input buffers, 
decoders and sense amplifiers. CE is active low; cl high deselects the 
memory device and reduces power consumption to standby levels. 



OUTPUT ENABLE: Gates the devices output through the data buffers 1 
dunng a read cycie. 5E is active low. 



WE 



; INPUT 



WRITE ENABLE: Controls writes to the control register and the an-ay. I 
Write enable is active low. Addresses are latched on the falling edge 
and data is latched on the nsing edge of the WE pulse. 
Note: With Vpp ^ v^c - 2V, memory contents cannot be altered. 



Vpp 



ERASE/PROGRAM POWER SUPPLY for wnting the command 
register, erasing the entire array, or programming bytes in the array. 



DEVICE POWER SUPPLY (5V ± 10%) 



.Vss 



GROUND 



NC 



NO INTERNAL CONNECTION to device. Pin may be driven or left 
floating. 
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APPLICATIONS 

The 28F256 flash-memory adds electrical chip-era- 
sure and reprogrammability to EPROM non-volatility 
and ease of use. The 26F256 is ideal for stonng 
code or data-iaoies m applications where penodic 
updates are required. With a minimum of 10,000 
erase/orogram cycles available as an option/ the 
28F256 also serves as a dense, nonvolatile data ac- 
quisition and storage medium. 

The need for code updates pervaoes all phases of a 
system's life — from prototyping to system manufac- 
ture to after-sale service, in the factory, during proto- 
typing, revisions to control code necessitate ultravio- 
let erasure and reprogrammmg of '.-^JROM-based 
prototype codes. The 28F256 replaces the 15- to 
20-minuie ultraviolet erasure with one-second elec- 
trical erasure. Electrical chip-erasure and repro- 
grammmg occur in the same worKstation or PROM- 
orogrammer socket. 

Diagnostics, oertormed at subassembly or final as- 
semoiy stages, often require the socketing of 
EPROMs. Socketed test codes are ultimately re- 
Diaced with EPROMs containing the final program. 
With electrical chip-erasure and reprogrammmg. the 
28F256 IS soldered to the circuit board. Test codes 
are programmed into the 28F256 as it resides on the 
circuit board. Ultimately, the final code can be down- 
loaaed to the device. The 28F256's m-circuit altera- 
biiity eliminates unnecessary handling and less-reli- 
aoie socketed connections, wnile adding greater 
test fiextpihry. 



Matenal and labor costs associated with code 
changes increase at higher levels of system Integra- 
tiorv— the most costly being code updates after sale. 
Code "bugs", or the desire to augment system func- 
tionality, prompt after-sale code updates. Field revi- 
sions to EPROM-based code require the removal of 
EPROM components or entire boards. The service 
technician performs the twenty-minute ultraviolet 
erasure and reorogramming on-site, or returns 
boards to the factory for rework. An alternate ap- 
proach is to use one-time-programmabie EPROMs. 
The service technician removes the "old" devices 
and replaces them with upoated versions. The used 
components are discaroed. 

Designing with the in-circuit alterable 28F256 elimi- 
nates socketed memories, reduces overall matenal 
costs, and drastically cuts the labor costs associ- 
ated with code uodates. With the 28F256. code up- 
dates are implemented locally via an edge-connec- 
tor, or remotely over a senal communication link. 

The 28F256's electrical chip-erasure, byte repro- 
grammability, and complete nonvolatility fit well with 
data accumulation needs. Eiectncal chip-erasure 
gives the designer a "blank-slate" in which to log 
data. Data can be periodically off-loaded for analy- 
sis — erasing the slate and repeating the cycle. Or. 
multiple devices can maintain a "rolling window" of 
accumulated data. 

A high degree of on-chip feature integration simpli- 
fies memory-to-processor interfacing. Figure 3 illus- 
trates the interface between the MCS»-51 micro- 
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Figure 3. 28F256 in an MCS^-51 System 
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Figure 4. 28F256 in a 8OCI86 System 



controller and one 28F256 flash-memory in a 
minimum chip-count system. Figure 4 depicts two 
28F256S lied to tne 8OC186 system bus. In both in- 
stances, the 28F256s architecture minimizes inter- 
face circuitry needed for complete m-ctrcuit updates 
of memory contents. (Comprehensive system de- 
sign information is included tn AP.316 "Using 
the 28F256 Flash Memory for In.System Repro- 
grammable Nonvolatile Storage", Order Number 
292046-002). 

With cost-effective m-system reprogrammmg and 
extended cycling capability, the 28F256 fills the 
between traditional EPROMs and 
52PROMS. EPROM.compatible specifications, 
straightton^ard tnterfacing, and m-circuit alterability 
allows designers to easily augment memory flexibili- 
ty and satisfy the need for updatable nonvolatile 
storage m today's designs. 

PRINCIPLES OF OPERATION 

Flash-memory augments EPROM functionality with 
ooc^l" erasure and reprogrammmg. The 

28F256 introduces a command register to manage 
his new functionality. The command register allows 
for: 100% TTL-level control inputs: fixed power sup- 
plies during erasure and programming; and maxi- 
mum EPROM compatibility 



In the absence of high voltage on the Vpp pm. the 
28F256 IS a read-only memory. (Manipulation of the 
e«ernal memory-control pins yields the standard 
EPROM read, standby, output disable, and intelioent 
identifierTM operations. 

The same EPROM read, standby, and output disable 
operations are available when high voltage is ap- 
plied to the Vpp pin. In addition, high voltage on Vpp 
enables erasure and programming of the device All 
functions associated with altenng memory con- 
tents— inteligent Identifier, erase, erase verify pro- 
gram, and program venfy— are accessed via the 
command register. 

Commands are wntten to the register using standard 
microprocessor whte timings. Register contents 
serve as input to an internal state-machine which 
controls the erase and programming circuitry Write 
cycles also internally latch addresses and data 
needed for programming or erase operations. With 
the appropnate command wrinen to the register 
standard microprocessor read timings output an-ay 
data, access the inteligent Identifier codes, or output 
data for erase and program verification. 

The command register is only alterable when Vpp is 
at high voltage. Depending upon the application the 
system designer may choose to make the Vpp pow- 
er supply switchable-available only when memory 
updates are desired. When high voltage is removed 
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Opera tion 
Read 



Table 2. 28F2 56 Bus Operations 



Ao 



Outout OisaDle 



1 s 

VpPL i Aq I 



READ-ONLY i Standby 



intgligent IQtm Manufactufef<2) 



A9 



CE 



VppL 



OE 



WE 



OO0-OO7 
Data Out 



VpPL 



VihIVih i Tri-State 



V|H 



inteligent ID^m Device(2) 
I Read 



Tri-State 




READ/WRITE 



NOTES 



1 Vop,. may oe grouno. a no-connec: with a resistor tied to grouna. or s Vr- - 2 ov v„ . ,h„ 

3. 11.5V s i 13.0V. ^ '^./av - 0.Z5V. All other addresses low. 

3 ^,nV°^l! ° ''"'^ '"^y ««"S array dau or the lOteLgent iOtm 

3. With Vbo at nign voitage. the stanooy current equals icc - Ipp (stanoOv) ' 
6 Refer tc Taoie 3 for valid Data-in dunng a wnte ooerauon 

^ X ran oe V.^ or v,h. 



the contents of the register default to the read com- 
mand. maKing the 28F256 a read-only memory. 
Memory contents cannot be altered. 

Or. the system designer may choose to "hardwire" 
Vdd. making the high voltage supply constantly 
available, in this instance, alt operations are per- 
formea in conjunction with the command register. 
. he 28F256 is designed to accommodate either de- 
sign practice, and to encourage optimization of the 
processor-memory interface. 

BUS OPERATIONS 
Read 

The 28F256 has two control functions, both of which 
must be logically active, to obtain data at the out- 
outs. Chip-Enable (Cl) is the power control and 
snould be used for device selection. Output-Enable 
(OE) IS the outout control and should be used 
to gate data from the output pins, independem of 
device selection. Figure 7 illustrates read timinq 
waveforms. ^ 

The read operation only accesses array data when 
Vdo is low (Vodl), When Vpp IS high (Vppn), the read 
coeration can be used to access array data to out- 
out tne int^iigent identifier^M codes, and to access 
caia for program/erase verification. 



Output Disable 

With Output-Enable at a logic-high level (V,h). outout 
from the device is disabled. Output pins are placed 
in a high-impedance state. 

Standby 

With Chip-Enable at a logic-high level, the standby 
operation disables most of the 28F256*s circuitry 
ano substantially reduces device power consump- 
tion. The outputs are placed in a high-impedance 
state, independent of the Output-Enable signal 
If the 28F256 is aeselected during erasure, pro- 
gramming, or program/ erase venfication the 
device draws active current until the operation is 
terminated. 



inteligent IdentifierTu 

The inteligent Identifier operation outputs the manu- 
facturer code (89H) and device code (B1H). Pro- 
gramming equipment automatically matches the de- 
vice with Its proper erase and programming algo- 
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With Chip-Enable and Output-Enable at a logic low 
level, raising A9 to high voltage {11.5V- 13.0V) acti- 
vates the operation. Data read fronn locations OOOOH 
and 0001 H represent the nnanufacturer's code and 
the device code, respectively. 

The manufacturer- and device-codes can also be 
read via the command register, for instances where 
the 28F256 is erased and reprogrammed in the tar- 
get system. Following a wnte of 90H to the com- 
mand register, a read from address location OOOOH 
outputs the manufacturer code (89H). A read from 
address 0001 H outputs the device code (BIN). 



Write 

Device erasure and programming are accomplished 
via the command register, when high voltage is ap- 
plied to the Vpo pin. The contents of the register 
sen/e as input to the internal state-machine. The 
state-machine outputs dictate the function of the 
device. 

The command register itself does not occupy an ad- 
dressable memory location. The register is a latch 
used to store the command, along with address and 
data information needed to execute the command. 



The command register is wntten by bringing Wnte- 
Enable to a logic-low level (V| j, while Chip-Enable is 
low. Addresses are latched on the falling edge of 
Whte-Enable. while data is latched on the nsing 
edge of the Write-Enable pulse. Standard microproc- 
essor whte timings are used. 

The three high-order register bits (R7, R6. R5) en- 
code the control functions. Alt other register bits. R4 
to RO. must be zero. The only exception is the reset 
command, when FFH is written to the register Reg- 
ister brts R7-R0 correspond to data inputs D7-D0. 

Refer to A.C. Write Characteristics and the Erase/ 
Programming Waveforms for specific timing 
parameters. 

COMMAND DEFINITIONS 

When low voltage is applied to the Vpp pin. the con- 
tents of the command register default to OOH. en- 
abling read-only operations. 

Placing high voltage on the Vpp pin enables read/ 
wnte operations. Device operations are selected by 
wnting specific data patterns into the command reg- 
ister. Table 3 defines these 26F256 register 
commands. 



Table 3. Command Definitions 



Command 


Bus 
Cycles 


First Bus Cycle 


Second Bus Cycle 


1 

1 1 


Req'd 


OperationO) | Address(2) i Data<3) 1 Operatlon(t) 1 Address<3) 


DataO) 


[Read Memory 


1 


Write 


! X 


OOH 








Read mt^ligent ID'^^^** 


1 


Write 




90H 


Read 


lA 


ID 


: Set-up Erase/ Erase(S) 


2 


Wnte 


i X * 


20H 


Write 


X 


20H 


' Erase Verify(5) 


2 


Write 


i EA = 


AOH 


Read 


X 


EVD 


I Set-up Program/ Program(6) 


2 


Write 


1 X ■ 


40H 


Write 


PA 


PD 


. Program Verify<6) 


2 


Write 


1 X : 


COH 


Read 


X 


PVD 


'Reset*7) 1 


2 


Write 


! X : 


FFH 


Write 


X 


FFH 



NOTES: 

1 . Sus ooerations are defined in Table 2. 

2. I A » loentitier address: OOH tor manufacturer code, 01 H for device code. 
£A » Address of memory location to be read dunr^g erase verify. 

PA - Address of memory location to be programmed. 

Addresses are tatcned on me falling edge of the Write-Enable outse. 

3. ro » Data read from location lA during device identification (Mtr « 89H. Device - BIH). 
EVO - Data read from locauon EA dunng erase venfy. 

PD - Oau to oe programmed at location PA. Data ts latcned on tne nsmg edge of Write-Enaftle. 
PVD » Data read from location PA dunng program venfy. PA is latcned on the Program command. 

4. Following tne Read mteligent ID command, two read operations access manufacturer and device codes 

5. Figure 6 illustrates tne QuicK-EraseTw Algomnm. 

6. Figure 5 illustrates tne QutCK-Pulse ProgrammingTM Algontnm. 

7. The second bus cycle must be followed by the desired command register wnte. 
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Read Command 

While Voo (S hign. for erasure and orogramming. 
memory contents can be accessed via* me read 
command. The read operation is initiated by wnting 
OOH into the command register. Microprocessor 
read cycles retneve an-ay data. The device remains 
enabied for reads until the command register con- 
tents are altered. 

The default contents of the register upon Vpp pow- 
er-up IS OOH, This default value ensures that no spu- 
nous alteration of memory contents occurs dunng 
the Vdo power transition. Where the Vpp supply is 
hard-wired to the 28F256, the device powers-up and 
rv-mains enabled for reads until the command-regis- 
ter contents are changed. Refer to the A.C. Read 
Charactenstics and Waveforms for specific timing 
parameters. 



intgligent IdentifierTw Command 

Flasn-memones are intended for use m applications 
wnere tne local CPU alters memory contents. As 
such, manufacturer- and device-codes must be ac- 
cessible while the device resides m the target sys- 
tem. PROM programmers typically access signature 
codes Dy raising A9 to a hign voltage. However, mul- 
tiplexing high voltage onto aadress lines is not de- 
sired system-design practice. 

The 28F256 contains an inteligent Identifier opera- 
tion to supplement traditional PROM-orogramming 
metnoooiogy. The operation is initiated by wnting 
90H into the command register. Following the com- 
mana write, a read cycle from address OOOOH re- 
trieves tne manufacturer coae of 89H. A read cycie 
from address 000 1H returns the device code of 31H 
or 32H. To terminate the ooeration. it is necessary 
to write another valid command into the register. 

Set-up Erase/Erase Commands 

Set-uD Erase is a command-only ooeration that 
stages the aevice for electrical erasure of all bytes in 
the array. The set-up erase operation is performed 
cy writing 20H to the command register. 

*o comrnence chip-erasure, the erase command 
•(20H) must again be wnnen to the register. The 
erase ooeration begins with the rising edge of the 
Wnte-Enable pulse and terminates with the nsing 
eoge of tne next Wnte-Enable pulse (i.e.. Erase-Ven- 
fy Command). 

This two-step seauence of set-up followed by execu- 
tion ensures that memory contents are not acctoen- 
taiiy erasea. Also, cmp-erasure can oniv occur wnen 



high voltage is applied to the Vod pin. In the absence 
of this high voltage, memory contents are protected 
against erasure. Refer to A.C. Erase Charactenstics 
and Waveforms for specific timing parameters. 

Erase-Verify Command 

The erase command erases all bytes of the an-ay in 
parallel. After eacn erase operation, all bytes must 
be venfied. The erase venfy operation is initiated by 
wnting AOH into the command register. The address 
for the byte to be venfied must be supplied as it is 
latched on the falling edge of the Wnte-Enable 
pulse. The register write terminates the erase opera- 
tion with the nsing edge of its Wnte-Enable pulse. 

The 28F256 applies an internally-generated margin 
voltage to the addressed byte. Reading FFH from 
the addressed byte indicates that all bits m the bvte 
are erased. 

The erase-venfy command must be wnnen to the 
command register prior to each byte verification to 
latch Its address. The process continues for each 
byte in the an-ay until a byte does not return FFH 
data, or the last address is accessed. 

In the case where the data read is not FFH, another 
erase operation is perlormed. (Refer to Set-up 
Erase/Erase). Verification then resumes from the 
address of the last-verified byte. Once all bytes in 
the an'ay have been venfied. the erase step is com- 
plete. The device can be programmed. At this point, 
the venfy operation is terminated by writing a valid 
command (e.g. Program Set-up) to the command 
register. Figure 6. the Quick-Erase Algonthm, il- 
lustrates how commands and bus operations are 
combined to perform electncal erasure of the 
28F256. Refer to A.C. Erase Characteristics and 
Waveforms for specific timing parameters. 

Set-up Program/Program Commands 

Set-up program is a command-only operation that 
stages the device for byte programming. Wnting 40H 
into tne command register performs the set-up 
operation. 

Once the program set-up operation is performed, 
the next Wnte-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latched on the falling edge of the Write-En- 
able pulse. Data is internally latched on the nsing 
edge of the Wnte-Enable pulse. The nsing edge of 
Wnte-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next nsing edge of Write-Enable. used to write the 
program-venfy command. Refer to A.C. Program- 
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ming Charactenstics and Waveforms for specific 
timing parameters. 

Program-Verify Command 

The 28F256 is programmed on a byte-by-byte basis. 
Byte programming may occur sequentially or at ran- 
dom. Following each programming operation, the 
byte |ust programmed must be verified. 

The orogram-verify operation is initiated by whting 
COH into the command register. The register wnte 
terminates the programming operation with the ris- 
ing eage of its Write-Enable pulse. The program-ver- 
ify operation stages the device for verification of the 
byte last programmed. No new address information 
IS latched. 

The 28F256 applies an internally-generated margin 
voltage to the byte. A microprocessor read cycle 
ouiDuts the data. A successful comparison between 
the programmed byte and true data means that the 
byte IS successfully programmed. Programming then 
proceeds to the next desired byte location. Figure 7, 
the 28F256 Quick-Pulse ProgrammingTM Algorithm, 
Illustrates how commands are combined with bus 
operations to perform byte programming. Refer to 
A.C. Programming Characteristics and Waveforms 
for specific timing parameters. 

Reset Command 

A reset command is provided as a means to safely 
aoor the erase- or program-command sequences. 
Following either set-up command (erase or program) 
witn TWO consecutive wntes of FFH will safely abort 
the ooeration. Memory contents will not be altered. 
A valid command must then be written to place the 
Device in the desired state. 



QUICK-PULSE PROGRAMMINGTM ALGORITHM 

The Quick-Pulse Programming algorithm uses pro- 
gramming operations of 100 ^s duration. Each oper- 
ation is followed by a byte verification to determine 
when the addressed byte has been successfully pro- 
grammed. The algorithm allows for up to 25 pro- 
gramming operations per byte, although most bytes 
verify on the first or second operauon. The entire 
sequence of programming and byte verification is 
performed with Vpp at high voltage. Figure 7 illus- 
trates the Quick-Pulse Programming algonthm. 

QUICK-ERASET« ALGORITHM 

inters Quick-Erase algorithm yields fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse ProgrammingTM algorithm, to simulta-. 
neously remove charge from all bits in the array. 

Erasure begins with a read of memory contents. The 
28F256 is erased when shipped from the factory. 
Reading FFH data from the device would immedi- 
ately be followed by device programming. 

Uniform and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 
(Data = OOH). This is accomplished, using the 
Quick-Pulse Programming algonthm, in approxi- 
mately four seconds. 

Erase execution then continues with an initial erase 
operation. Erase verification (data = FFH) begins at 
address OOOOH and continues through the array to 
the last address, or until data other than FFH is en- 
countered. With each erase operation, an increasing 
number of bytes verify to the erased state. Erase 
efficiency may be improved by stonng the address of 
the last byte verified in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. A total of seventy-nine erase opera- 
tions are allowed. Erasure typically occurs in one 
second. Figure 8 illustrates the Quick-Erase Algo- 
rithm. 
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NOTES: 
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2.0V. Refer to Pnncioies of Operation 



Figure 7. 28F256 Qul^i:;;;;re Programm.ngTM A.g^ 
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1 
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; 
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I 

Read Byte to Venty Erasure 
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1 
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\ 
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i 

Compare Output to FFH - 
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: Wnte 


, Read 


j 

Data = OOH. Resets tne 
, Register for Read Operations 


i Standby 




Watt tor Vpo Ramo to Vppl( 1 ) 



NOTES: 

1. See D.C. Charactenstics for value of Vppn- The Vpp 
power supply can be hard-wired to the device or switcna- 
Die. When Vpp is switched. Vpp^ may De ground, no-con- 
nect with a resistor tied to ground, or less than Vcc 
2.0V. Refer to Pnnopies of Operation. 

2. Erase Venty is performed only after chip-erasure, A fi- 
nal read/ compare may be performed (optional) after the 
register is wntten with the read command. 



Figure 8. 28F256 Quick-Erase'''^ Algorithm 
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DESIGN CONSIDERATIONS 

Two-Line Output Control 

Flash-memories are often used in larger memory ar- 
rays. Intel provides two read-control inputs to ac- 
commodate multiple memory connections. Two-lme 
control provides for: 

a. the lowest possible memory power aissioation 
and. 

b. complete assurance that output bus contention 
will not occur. 

To efficiently use these two control inp :s. an ad- 
aress-decooer output should dnve chip-enable 
while the system s read signal controls all flash- 
memones and other parallel memories. This assures 
that only enabled memory devices nave active out- 
puts. While deselected devices maintain the low 
power standby condition. 

Power Supply Decoupling 

Flash-memory power-switching charactenstics re- 
quire careful device decoupling. System designers 
are interested in three supply current (Ice) issues- 
standby, active, and transient current peaks pro- 
auced by falling and nsing edges of chip-enaole The 
caoacitive and inductive loads on the device outputs 
determine the magnitudes of these peaks. 

Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks 
=ach device should have a 0.1 uF ceramic capacitor 
connected between Vcc and Vgs. and between Vop 
and Vss. 

Place the high-freauency. low-inherent-inductance 
capacitors as close as possible to the devices Also 
for every eight devices, a 4.7 uF electrolytic capaci- 
tor should be placed at the array's power supply 



connection, between Vcc and Vgs. The bulk capaci- 
U)r w, I overcome voltage slumps caused by pnnted- 
circuit-board trace inductance, and will supply 
charge to the smaller capacitors as needed. 

Vpp Trace on Printed Circuit Boards 

Programming flash-memones, while they reside in 

L«r?',?« '^''^'"' '""^ circuit 

board designer pay anention to the Vpp power sup- 
ply trace. The Vpp pm supplies the memory cell cur- 
rent for programming. Use similar trace widths and 
layout considerations given the Vcc Power bus Ad- 
equate Vpp supply traces and decoupling will de- 
crease Vpp voltage spikes and overshoots. 

Power Up/Down Sequencing 

The 28F256 is designed to offer protection against 
accidental erasure or programming, caused by spur- 
lous system-level signals that may exist dunng pow- 
er transitions. The 28F256 powers-up in its read-only 
state. Also, with its control register architecture, al- 
teration of memory contents only occurs after suc- 
cessful completion of the two-step command se- 
quences. While these precautions are sufficient for 
most applications, it is recommended that Vrr reach 
Its steady-state value before raising Vpp above Vcc 
- 2.0V. In addition, upon powering-down Vpp 
Should be below Vcc ^ 2.0V. before lowering Vcc. 



Additional Information 

AP-316. "Using the 28F256 Flash 
Memory tor In-System 
Reprogrammable Nonvolatile 
Storage" 

27F256 Data Sheet 
ER-21 "Intel's 27F256 and 
28F256 Flash Memones" 
ER-20 "ETOXTM Flash Memory 
Technology" 

RR-60 "ETOXTM Flash Memory 
Reliability Data Summary" 



Order Number 

292046 



290157 
294004 



294005 
293002 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read O'Cto ^TO'CO) 

Dunng Erase/Program 0*Cto-r70'C 

Temperature Under Bias - 10*C to 80*C 

Storage Temperature -65'C to -r- 125'C 

Voltage on Any Pin with 

Respect to Ground - 2.0V to -r 7.0V(2) 

Voltage on Pin Ag with 

Respect to Ground - 2.0V to - 1 3.5V(2. 3) 

VpD Supply Voltage with 

Respect to Ground 

Dunng Erase/Program -2.0V to - 14.0V(2. 3) 

Vcc Supply Voltage with 

Respect to Ground - 2.0V to ^ 7.0V(2) 

Output Short Circuit Current 100 mA(4) 



'Notice: Stresses above those listed unaer "Aoso- 
lute Maximum Ratings'* may cause permanent aam- 
age to the device. This is a stress rating oniy and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



NOTES: 

1 . Operating temperature ts for commercial product defined by this specification. 

2. Minimum D.C. input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods less 
than 20 ns. Maximum D.C. voltage on output pins is Vcc * 0-5V. which may overshoot to Vcc * 2.0V for 
penods less than 20 ns. 

3. Maximum D.C. voltage on Ag or Vop may overshoot to 14.0V for periods less than 20 ns, 

4. Output shoned for no more than one second. No more than one output shorted at a time. 



OPERATING CONDITIONS 



Symbol 


Parameter 


Limits 


Unit 


Comments 


Min 


1 Max 




Operating Temperature 


0 


; 70 

1 


•c 


For Read-Only and 
Read/Wnte Operations 


Vcc 


Vcc Supply Voltage 


4.50 


i 5.50 


V 





D.C. CHARACTERISTICS— TTL/NMOS COMPATIBLE 



, Symbol i Parameter ' 

1 1 1 Min Max 


Unit 


! 

Test Conditions 


Ili j Input Leakage Current 

t 


i 




Vcc = Vcc Max 
ViN = Vcc ox Vss 




Output Leakage Current j | riO j ^A j Vcc = Vcc Max 

! 1 1 1 VouT = Vcc or Vss 


'ccs i Vcc Standby Current 

i 


1 'O 

! 


mA Vcc = Vcc Max 

1 cE = v,H 


•cci 


Vcc Active Read Current 




30 


mA 


Vcc ^ Vcc Max, CE = V|L 
f = 6 MHz. louT = 0 mA 


*CC2 1 Vcc Programming Current j 


30 ; mA 1 Programming in Progress 


'CC3 1 Vcc Erase Current \ 


30 ! mA Erasure in Progress 



Ipps t Vpp Leakage Current ! i rlO I uA i Vop = VppL 
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D.C. CHARACTERISTICS--TTL/NMOS COMPATIBLE (C 



(Continued) 



Symbol 



Ipp2 



lpD3 



Parameter 

Vpo r^ead C urrent 
Vpp Programming Current 



Limits 



Min 

I 



Max 

200 
30 



Unit 



Test Conditions 



Voo Erase Current 



mA I Vpp = VppH 
; mA I Vpp = VppH 

Programming in Progress 



30 . mA I Vpp = VppH 
• ' Erasure in Progress 



incut LOW Voltage 



-0.5 i 



0.8 



I 



V.L 



Vol 



• Input Hign Voltage 



2.0{Vcc - 0,5 



Output Low Voltage 



Vqhi ■ Output High Voltage 



0.45 



2.4 



Aq intgligent identifer^M Voltage | n.50 l 13.00 



V i 

V 

V i 



Iql = 2.1 mA 
VCC ^ Vcc Min 

•oh = -2.5 mA 
Vcc = Vc c Min 

Ag = V,o 



'ID 



Agintoligent Identifier^M Current 



500 



uA ■ Aq = V|D 



VpPL , Vpp during Read-Only Operations j 0.00 | V^c - 2.0V j 

~L. ^ I [ ' 

VpPH ' Vpp during Read/ Write Operations I 11.40 | 12.60 

' 12,50 ; 13.00 ! 

VaoQv VppH Difference between j ; o.20 

Erase/Program & Venfy | 



V 
V 



NOTE: Erase/ Program are 
Inhibited when Vp p = Vpp^ 

B1H; Vpp = 12.0V Device 
B2H: Vpp = 12.75V Device 
BIH; Vpp = 12.0V Device 



D.C. CHARACTERISTICS— CMOS COMP ATIBLE 
Symbol , Parameter 



'CCS 



'CCi 



'CC3 



IPPS 



Min 



Unit 



Max ! 



Test Conditions 



Input Leakage Current 



OutDu: LeaKage Current 



Vcc Standby Current 



Vcc Active Read Current 

Vcc Program ming Current 
Vcc Erase Cun-ent 



Vpp Leakage Current 



= 1.0 



mA : Vcc Vcc Max 
' V,N = Vcc or Vss 



= 10 



uA . Vcc ^ Vcc Max 

i Vqut = Vcc or Vss 



100 



aA 



yCC = Vcc Max 
CE = Vcc =2V 



30 



j "lA j Vcc = Vcc Max. CE = V,L 

J ! f 6 MHz. Iqut = 0 mA 

' i rnA ■ Programming in P rogress 

: fT^A j Erasure in Progress 



! no ! ^A 



Vpp - VppL 
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D.C. CHARACTERISTICS— CMOS COMPATIBLE (Continued) 



; Symbol i Parameter j Idllll!! iuniti Test Conditions 

i I I MIn j Max ! I 



Ilpp1 


! Vpo Read Current 


1 


1 200 1 




IVpp = VppH 


!IPP2 

1 
I 


i Vpp Programming Current 

1 
I 




30 1 

1 

1 


mA 


ivpo = VpoH 

! Programming in Progress - 


iloP3 

1 


! Vpp Erase Current 

1 


• 


1 30 i 

! 


mA 


|Vpp - VppH 

1 Erasure in Progress 1 




1 inoul LOW vouage 


-0.5 


' 0.8 1 


V 


1 \ 


■V,H 


! inout High Voltage 


0-7 Vcc 


Vcc - 0.5 * 


V 


\ ! 


.Vol 

1 


1 Output Low Voltage 

i 




0.45 1 


V 


Iql = 2.1 mA 

Vcc = Vcc 1 


■VoHl 


-Output High Voltage 


0.85 Vcc 


1 


V 


Iqh = "2.5 mA. Vcc = Vcc ^^'n i 


■V0H2 


1 


Vcc - 0.4 


i 




lOH = - 100 u A, Vcc = Vcc Mini 


iVio 


f Ag inteligent Identifer^M Voltage 


11.50 


13.00 1 


V 


Ag = V,o i 


i»lO 


! A9 inteligent IdentifierTM Current 




500 1 


uA 


A9 = V,D 


;vppu 

i 


: Vpp dunng Read-Only Operations | 

1 


0.00 

1 


Vcc ' 2.0V i 

i 


V 


NOTE: Erase/Programs are 
Inhibited when Vpp = Vpp^ * 


•Vdph 


! Vpp dunng Read/Write Operations! 


11.40 ! 


12.60 1 


V 


Vpp = 12.0 V 


VppDv 


I VppH Difference between j 
Erase/Program & Venfy ! 




0.20 i 

! 


V 

1 


B1H: Vpp = 12.0V Device 



CAPACITANCE(^) = 25'C. f - 1.0 MHz 



Syritool [ Parameter ^! 1:!!:!!!? ! unit ' Conditions 

\ , Min Max 1 ^ 

CiN Address/Control Capacitance ! , 6 | pF • V|n = OV j 

Cot^>T = Output Capacitance * , 12 ^ pF ' Vqut = OV I 

NOTE: 

1 Sampled, not 100% tested. 



A.C. TEST CONDITIONS 

Input Rise and Fall Times (10% to 90%) 10 ns 

Input Pulse Levels Vql and Vqhi 

Input Timing Reference Level Vil and VfH 

'Output Timing Reference Level V|l and V|h 



SAN039994 



5-16 



inter 



28F256 



A.C. TESTING INPUT/OUTPUT WAVEFORM 



'0M1 
INPUT 

Vol 



TEST POINTS 



OUTPUT 



TIST POINTS 



290 156 -6 

A.C Testing; tnouis are onvon at Vqhi *or a logic "V* ano Vql 'o** 
a logic 'O" Tesirng measuremenij are maoe ai v,h (of a logiC 
1" and v.,^ tor a rogtc "O" Rise/Paii time i 10 n». 



A.C. TESTING LOAD CIRCUIT 



1.3V 



1 N914 




c^ = too pr 



2901S8-9 



Ct - lOOoP 

Ct. inctuoes Jig CAX)«otar>c« 



A.C. CHARACTERISTICS— Read-only Operations 



Versions 




28F256-170 
P1C2 


28F2S6-200 
P1C2 


1 28F256-250 
P1C2 


Unit 


Symbol 


1 Characteristic 


Min 


! Max 


i MIn 


Max 


j MIn 


1 Max 






' Read Cycle Time 


170 




1 200 


I 


250 1 


ns 




: Chip Enable 
t Access Time 


1 170 

1 




200 




250 


ns 


UvOV^tACC 


! Address Access 
I Time 




1 170 

! 
1 


t 


200 




250 


i ns 




} Output Enable 
■ Access Time 




i 70 

! 


1 75 j 

i 1 


80 


ns 




; Chip Enable to 
Output in Low Z i 


0 


i 


0 




0 


j ns 

t 




Chip Disable to 
Output in High Z 




1 55 

i 




60 1 

i 


65 


ns 1 

1 


^GLQx^toLZ i Output Enable to j 
' Output in Low 2 ! 


0 




° i 

1 


0 






ns 




Output Disable to 1 
OutDut in High Z | 




35 




45 




55 


ns 




Output Hold from [ 
Address. CE. \ 
orOEChangeO) | 


0 




° 1 




1 

0 




ns 


^WHGL * 1 


Write Recovery Time j 
before Read | 


6 




' ! 


6 1 

1 


MS 



NOTES: • 

1 Whicnever occurs first. 
2. Rise/ Fan Time s ^0 ns. 
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Figure 9. A.C. Waveforms for Read Operations 
5-18 



SAN039996 




NOTES; 

' Reaa nmmg cnaracteristics ounng read/wme ooaratrnn< .k- 

Charactensncs tor Reao-Oniy OoeratKJns are me same as Ourmg reaa-on.y operat.ons. Refer to A ^ 

-ne cura,.on o. ,.e erase ooera..or, a^ Vor^^ ' ' ^'^'''^ 

:o r- gure 6 for aoa,„ona, ae^aus ' ""^'^ "'^"'^'e'^ ^^iue Oy a rT,ax,mum tolerance of 5-.. Refer 
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Figure 10. A.C. Waveforms for Programming Operations 
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Figure 1 1. A.C. Waveforms for Erase Operations 
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Ordering Information 



0 


2 


8 


r|2(5 


6|. 


.t|7|0|P|l|C 


^1 



PACKAGE 

D = 32-PIN CERDIP 
N=32-L£>0 PLCC 



r 



REPROGRAM CYCLES (10*) 
2 s 100 CYCLES MINIMUM 
«s 10.000 CYCLES MINIMUM 

-ERASE/PROGRAM VOLTAGE 
t = 1 2.00V ±5n 

■ACCESS SPEED (ns) 
170 ns 
200 ns 
250 ns 



290158*13 



VALID COMBINATIONC; 
D28F256-170P1C2 
D28F256-200P1C2 
D28F256-250P1C2 



N28F256-170P1C2 
N28F256-200P1C2 
N28F256-250P1C2 



ADDITIONAL INFORMATION 



AP-316. "Using the 28F256 Flash 
Memory for In-System 
Reprogrammable Non-Volatile 
Storage" 

ER-21. "Inters 27F256 and 28F257 

Flash Memories" 

ER-20. "ETOXTM Flash Memory 

Technology" 

RR-60. "ETOXTM Flash Memory 
Reliability Data Summary" 



Order 
Number 

292046 



294004 
294005 
293002 
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intel 



nr^yr ,00., 28F256A 

256K (32K x 8) CMOS FLASH MEMORY 



Flash Electrical Chip*Erase 

— 1 Second Typical Chip-Erase 

Quick-Pulse ProgrammingTM Algorithm 

— 10 us Typical Byte-Program 

— 0.5 Second Chip-Program 

10,000 Erase/Program Cycles Minimum 
12.0V r5% Vpp 

High-Performance Read 

— 120 ns Maximum Access Time 

CMOS Low Power Consumption 

— 30 mA Maximum Active Current 

— 100 uA Maximum Standby Current 



m Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

■ Noise Immunity Features 

— = 10% Vcc Tolerance 

— Maximum Latch-Up Immunity 
through EPI Processing 

■ ETOXTM.ii Flash-Memory Technology 

— EPROM-Compatible Process Base 

— High-Volume Manufacturing 
Experience 

■ Compatible with JEDEC-Standard Byte- 
Wide EPROM Pinouts 

— 32-Pin Cerdip 

— 32-Lead PLCC 

(See Pacxaging Soec.. Qraer * 231 369) 

lan!l«m ''^e f"OSt cost-effective and reliable alternative »or read/wnte 

EpSlechnoZ^Mpini:'^ adds electncal ch-p^erasure and reprograrnmmg to ,aS 

hrr,?H can be rewritten: in a test socket; in a PROM-prograrrirrier sockeron- 

merir.^T^HT^^^KT'''^ '"5 ''"""9 ""^1 test; and .n-system after-sale. The 28Sa ?ncreases 

memory flexibility, while contnbuting to time- and cost-savings. ^or^aoM increases 

lilrS^^'o'f' ^ 256-kilobit nonvolatile memory organized as 32.768 bytes of 8 bits Intel's 28F256A is 
w oe Ep'SoMs '" °' '''^'^ ^" conform ,o jIdK standards for bCt^! 

f;ir,Prino?nn^ Tr, ''^''""^ ^^^^"^'^ ^"•S"^'^ s ETOX-II (EPROM Tunnel Oxide) pro- 

cess tecnnoiogy. Advanced ox.de processing, an optimized tunneling structure and lower elecmc fSd cSm 

Ir^Zn^rZ:^^^^^^^^ limits S the^J^irP^ufs'elfo' 

inters 28F256A employs aOvancea CMOS arcuilry lor systems >equinng hign-Deflormani:e acc... 

r«oZ:=eTora^T;are;7=,s^^^^^^^ "'"'^"^ ^^^sIS'.^'^^t^ 

, ^"^^ ^ '^^"9® of microprocessors and microcontrollers. Maximum standbv current oMnn a 
oTr^' SS ^nrcSt^^S:™ '^^^^^ ^^^^^ °' '0 V.e.d the highest levels 
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28F512 

512K (64K X 8) CMOS FLASH MEMORY 

■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatibie Write Interface 

■ Noise Immunity Features 

— r 10% Vcc Tolerance 

— Maximum Latch*Up Immunity 
through EPI Processing 

■ ETOXTM-ii Flash-Memory Technology 

— EPROM-Compatlble Process Base 

— High-Volume Manufacturing 
Experience 

■ Compatible with JEDEC-Standard Byte- 
Wide EPROM PInouts 

— 32-Pln Cerdip 

— 32-Lead PLCC 

(Sm PacKagtng Spec.. Order #231369) 

Intel's 28F512 CMOS flash memory offers the most cost-effective and reliable alternative for read/write 
ranaom access nonvolatile memory. The 28F512 adds electrical chip-erasure and reprogramming to familiar 
EPROM technology. Memory contents can be rewnnen: in a test socket; in a PROM-programmer socket; on- 
board ourtng subassembly test; in-system during final test; and in-system after-sale. The 28F512 increases 
memory flexibility, while contributing to time- and cost-savings. 

The 28F512 is a 512-kilobit nonvolatile memory organized as 65.536 bytes of 8 bits. Intel's 28F512 is offered 
in 32-Din cerdip or 32-lead PLCC packages. Pin assignments conform to JEDEC standards for byte-wide 
EPROMs. 

Extended erase and program cycling capability is designed into Intel's ETOX-II (EPROM Tunnel Oxide) pro- 
cess technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field com- 
bine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the 28F512 
oerforms a minimum of 10.000 erase and program cycles well within the time limits of the Quick-Pulse Pro- 
gramming and Outck-Erase^*^ algorithms. 

Intel's 28F512 emoloys advanced CMOS circuitry for systems requiring high-performance access speeds, low 
DOwer consumption, and immunity to noise. Its 120 nanosecond access time provides no-WAIT-state perform- 
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 1 00 }xA trans- 
lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is 
achieved through Intel's unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA 
on address and data pins, from - IV to V^c ^V. 

With Intel's ETOX-II process base, the 28F512 levers years of EPROM experience to yield the highest levels 
of quality, reliability, and cost-effectiveness. 



■ Flash Electrical Chip«Erase 

— 1 Second Typical Chip*Erase 

■ Quick-Pulse ProgrammingTM Algorithm 
~ 10 us Typical Byte*Program 

— 1 Second Chip*Program 

■ 10,000 Erase/Program Cycle Minimum 

■ 12.0V =5% Vpp 

■ High-Performance Read 

^ 120 ns Maximum Access Time 

■ CMOS Low Power Consumption 

— 30 mA Maximum Active Current 

— 100 a A Maximum Standby Current 
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Figure 1. 28F512 Block Diagram 
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28F512 
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Figure 2. 28F512 Pin Configurations 
Table 1. Pin Description 



Symbol 


Type 


Name and Function 




INPUT 


ADDRESS INPUTS for memory addresses. Addresses are internally 
latcfied during a write cycle. 


DQ0-DQ7 


INPUT/OUTPUT 


DATA INPUT/OUTPUT: Inputs data during memory write cycles; 
outputs data dunng memory read cycles. The data pins are active high 
and float to tn-state OFF when the chip is deselected or the outputs 
are disabled. Data ts internally latched during a wnte cycle. 


CE 


INPUT 


CHIP ENABLE: Activates the device's control logic, input buffers, 
decoders and sense amplifiers. CE is active low; CE high deselects the 
memory device and reduces power consumption to standby levels. 




INPUT 


OUTPUT ENABLE: Gates the devices output through the data buffers 
dunng a read cycle. OE is active low. 




INPUT 


WRITE ENABLE: Controls wntes to the control register and the an-ay. 
Wnte enaoie is active low. Addresses are latched on the falling edge 
and data is latcned on the rising edge of the wE pulse. 
Note: With Voo ^ V^^ - 2V, memory contents cannot be altered. 


Vpp 




ERASE/PROGRAM POWER SUPPLY for writing the command 
register, erasing the entire array, or programming bytes in the array. 






DEVICE POWER SUPPLY (5V r 10%) 


: vss 




GROUND 


' NC 1 


NO INTERNAL CONNECTION to device. Pin may be dnven or left 

floating. 
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APPLICATIONS 

The 28F512 flash-memory adds electrical chip-era- 
sure and reprogrammability to EPROM non-volatllity 
and ease of use. The 2BF512 is ideal for stonng 
code or data-tables in applications where periodic 
uooates are required. With a minimum of 10,000 
erase/ program cycles the 28F512 also serves as a 
dense, nonvolatile data acquisition and storage me- 
dium. 

The need for code updates pervades all phases of a 
system's life — from prototyping to system manufac- 
ture to atter-sale service. In the factory, during proto- 
typing, revisions to control code necessitate ultravio- 
let erasure and reprogramming of EPROM-based 
prototype codes. The 28F512 replaces the 15. to 
20-minute ultraviolet erasure with one-second elec- 
tncal erasure. Electncal chip-erasure and repro- 
gramming occur in the same workstation or PROM- 
programmer socket. 

Diagnostics, performed at subassembly or final as- 
sembly stages, often require the socketing of 
EPROMs. Socketed test codes are ultimately re- 
placed with EPROMs containing the final program. 
With electncal chip-erasure and reprogramming. the 
28F512 is soldered to the circuit board. Test codes 
a^e progra.mmed into the 28F512 as it resides on the 
circuit board. Ultimately, the final code can be down- 
loaded to the device. The 28F512*s in-circuit altera- 
bility eliminates unnecessary handling and less-reli- 
able socketed connections, while adding greater 
test flexibility. 

Matenal and labor costs associated with code 
cnanges increase at higher levels of system integra- 
tion— the most costly being code updates after sale. 
Code "bugs", or the desire to augment system func- 
tionality, prompt after-sale code updates. Field revi- 
sions to EPROM-based code require the removal of 



EPROM components or entire boards. The service 
tecnnician performs the twenty-minute ultraviolet 
erasure and reprogramming on-site, or returns 
boards to the factory for rework. An alternate ap- 
proach ts to use one-time-programmable EPROMs. 
The service technician removes the old" devices 
and replaces them with updated versions. The used 
components are discarded. 

Designing with the in-circuit alterable 28F512 elimi- 
nates socketed memones. reduces overall material 
costs, and drastically cuts the labor costs associ- 
ated with code updates. With the 28F512. code up- 
dates are implemented locally via an edge-connec- 
tor, or remotely over a serial communication link. 

The 28F5l2*s electrical chip-erasure, byte repro- 
grammability, and complete nonvolatility fit well with 
data accumulation needs. Electncal chip-erasure 
gives the designer a "blank-slate" in which to log 
data. Data can be periodically off-loaded for analy- 
sis—erasing the Slate and repeating the cycle. Or, 
multiple devices can maintain a "rolling window" of 
accumulated data. 

With high density, nonvolatility, and extended cycling 
capability, the 28FS12 offers an innovative alterna- 
tive for mass storage. 

Integrating main memory and backup storage func- 
tions into directly executable flash memory boosts 
system performance, shrinks system size, and cuts 
power consumption. Reliability exceeds that of elec- 
tromechanical media, with greater durability in ex- 
treme environmental conditions, 

A high degree of on-chip feature integration simpli- 
fies memory-io-processor interfacing. Figure 3 de- 
picts two 28F512S tied to the 80C186 system bus. 
The 28F5l2's architecture minimizes interface cir- 
cuitry needed for complete m-circuit updates of 
memor/ contents. 
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Figure 3. 28F512 in a 600186 System 



With cosi-ettecuve (n-system reprogramming and 
extenaed cyctmg capaOflity. the 28F512 fills the 
functionality gap between traditional EPROMs and 
E2PR0MS. EPROM-compatible specifications, 
straightfonward interfacing, and in-circuit alterability 
allows designers to easily augment memory flexibili- 
ty ana satisfy the need for updatable nonvolatile 
storage m today s designs. 



The same EPROM read, standby, and output disable 
operations are available when high voltage is ap- 
plied to the Vpp pin. In addition, high voltage on Vpp 
enables erasure and programming of the device. All 
functions associated with altering memory con- 
tents— Hntgligent Identifier, erase, erase verify, pro- 
gram, and program verify — are accessed via the 
command register. 



PRINCIPLES OF OPERATION 

Flash-memory augments EPROM functionality with 
tn-circuit eiectncal erasure and reprogramming. The 
28F512 introduces a command register to manage 
this new functionality. The command register allows 
for: 100% TTL-leve* control inputs: fixed power suo- 
piies dunng erasure and programming; and maxi- 
mum EPROM compatibility. 

In the absence of high voltage on the Vpp pin. the 
28F512 IS a read-only memory. Manipulation of the 
external memory-control pins yields the standard 
EPROM read, standby, output disable, and mtgligent 
Identifier operations. 



Commands are whtten to the register using standard 
microprocessor wnte timings. Register contents 
serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 
cycles also internally latch addresses and data 
needed for programming or erase operations. With 
the appropnate command wntten to the register, 
standard microprocessor read timings output array 
data, access the int^ligent identifier codes, or output 
data for erase and program verification. 

The command register is only alterable when Vpp is 
at high voltage. Depending upon the application, the 
system designer may choose to make the Vpp pow- 
er supply switchable— available only when memory 
updates are desired. When high voltage is removed. 
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Table2.28F512BusOp^ ,,.^,. 
Pins 




ViL i Data in(6) 



NOTES: 

S. Vo„ ar^g"^ vrage" sra^^y^.^^^^^^^^^^^^^ '"-"«e"9en, ,<,en..lerrM codes. 



X can be v.^ or v,h. 

IJie contents of the register default to the read com- 

Memon.?""^ '^^ 28F512 a read-only merSo^ 
Memory contents cannot tse altered. ^ 

^L'ZTT,^^^'^"^' "^^^ '0 -hardwre" 

(ormfj n ^ '"Stance, all operations are per- 

s.2n p?act ce /nr.^"^"^ '° accorr^modate either de- 
pmcessor m«r^« ° «""'^^age optimization of the 
processpr-memory interface. 



BUS OPERATIONS 



Read 

l^tt^rV^ ^" 'unctions, both of which 

must oe logically active, to obtain data at the oJt 



Output Disable 

fram S;''"'-^"^'''® a' a 'og'C-nigh level (V,h). output 

mTh " 0"'P"« P'ns a^e Placed 

in a high-impeoance state. 

Standby 

With Chip-Enable at a logic-high level, the standbv 
operation disables most of the 28F5l2's SrJ 

ton The TJc'? '^^^'^ Powefcon uC 

are placed in a high-impedance 

/the S?512"'!"1 Output-Enabte s'gnaf 

«rJ2l ^ ''eselected during erasure pro. 
gramming. or program/erase vinfication T°e 

tSater ""^^ ''^^ °P-''on 

inteligent IdentifierTM Operation 

fa«ure?'S lisTl^^T^'' ""^""'^ — 
«w»uicr cga© (HSM) and device code (BflHi Pm 

Jrrh^fs'ofr"' '"^""^^'""^ matc!fer.!ie'df 
mhmr ' ''^^ Programming algo- 
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With Chip-Enaote ana Outout-Enabie at a logic tow 
level, raising A9 to nigh voltage Vio (see DC Charac- 
teristics) activates the operation. Data read from 
locations OOOOH and 0001 H represent the manufac- 
turer's code and the device code, respectively. 

The manufacturer- and device*codes can also be 
read via the command register, for instances where 
the 26F512 is erased and reprogrammed in the tar- 
get system. Following a wnte of 90H to the com- 
mand register, a read from address location OOOOH 
outouts the manufacturer code (89H). A read from 
address 0001 H outputs the device code (B8H). 



used to store the command, along with address and 
data information needed to execute the command. 

The command register is wntten by bringing Wnte- 
Enabie to a logic-low level (Vij. while Chip-Enable is 
low. Addresses are latched on the falling edge of 
Write-Enable. while data is latched on the nsing 
edge of the Write-Enable oulse. Standard microproc- 
essor wnte timings are used. 

Refer to A.C. Wnte Charactenstics and the Erase/ 
Programming Waveforms for specific timmg 
parameters. 



Write 

Device erasure and programming are accomplished 
via the command register, when high voltage is ap- 
plied to the Vop pin. The contents of the register 
serve as input to the internal state-machine. The 
state-machine cutouts dictate the function of the 
aevice. 

The command register itself does not occupy an ad- 
dressable memory location. The register is a latch 



COMMAND DEFINITIONS 

When low voltage is applied to the Vpp pin. the con- 
tents of the command register default to OOH. en- 
abling read-only operations. 

Placing high voltage on the Vpp pm enables read/ 
wnte ooerations. Device operations are selected by 
wnting specific data patterns into the command reg- 
ister. Table 3 defines these 26F512 register 
commands. 



Table 3. Command Definitions 



Command 


Bus I 
CyclesI 


First Bus Cycle 




Second Bus Cycle 




Reqdi 


Operation<MlAddress(2)iData(3)iOperation<MIAddressi2)IData<3) 


Read Memory 


1 1 


Write 1 


X 1 


OOH 


i 






Read mtgligent Identifier Code*^* 


2 ; 


Wnte ! 


X i 


90H 


Read \ 


lA 


ID 


Set-up Erase/Erase*5) 


2 i 


Write ! 


X 1 


20H 


Write 1 


X 


20H 


Erase Vertfy(5) 


2 i 


Wnte = 


EA 


AOH 


Read ! 


X 


EVD 


Set-uD Program/ Program(6) 


2 1 


Write I 


X : 


40H 


Write 


PA 


PD 


Program Verify^S) 


2 ! 


Wnte ! 


X 


COH 


Read i 


X 


PVD 


Reset(7) 


2 


Write 


X i 


FFH 


Write 1 


X 


FFH 



NOTES: 

* 5us ooerations are defined in Table 2. 

2. !A =5 laentifier address: OOH for manufacturer code. 01 H for oevice cooe. 

EA = Address of memory location to t>e read dunng erase verity. 

PA = Address of memory location to be programmed. 

Addresses are latcned on the falling edge of the Wnte-Enabie oulse. 
•3. ID = Oata read from location lA dunng dowe identification (Mfr - 89H. Oevice - B8H). 

cVO = Data read from location EA dunng erase venty. 

PD - Data to De programmed at location PA. Oata is latched on tne nsmg edge of Wnte-Enabie. 
. PVD = Data read from locauon PA dunng program venty. PA is laicneo on tne Program command. 

4. Following tne Peao mt^hgent ID command, two read operations access manufacturer and device codes. 

5. Figure 5 illustrates the Quick-Erase^ algonthm. 

6. Figure 4 illustrates the Quick-Putse Programmmgi'M algonthm. 

7. The second Pus cycle must oe followed by the oesired command register wnte. 
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Read Command 

While Vop (S high, for erasure and programming, 
memory contents can be accessed via the read 
command. The read operation is initiated by wnting 
OOH into the command register. Microprocessor 
read cycles retneve an-ay data. The device remains 
enaoled tor reads until the command register con- 
tents are altered. 

The aefault contents of the register uoon Vop dow- 
er-up ts OOH. This aefault value ensures that no sou- 
nous alteration of memory contents occurs dunng 
the Vpp power transition. Where the Vpp suoply (s 
hard-wired to the 28F512. the device powers-up and 
remains enabled for reads until the command-regis- 
ter contents are' changed. Refer to the A.C. Read 
Charactensiics and Waveforms for specific timmo 
parameters. 



int^iigent IdentifierTM Command 

Piash-memones are intended for use m aoplications 
where the local CPU alters memory contents. As 
such, manufacturer- and device-coaes must be ac- 
cessible while the device resides m the target sys- 
tem, PROM programmers typically access signature 
codes by raising A9 to a high voltage. However, mul- 
t.plexing high voltage onto address lines is not a de- 
sired system-design practice. 

The 28F512 contains an ini^ligent identifier opera- 
tion to supplement traditional PROM-programmmg 
methodology. The operation is initiated by wnting 
90H into the command register. Following the com- 
mand wnte. a read cycle from address OOOOH re- 
trieves the manufacturer code of 89H. A read cycie 
'rom acdress 0001 H returns the device code of 
38H. To terminate the operation, it is necessary to 
write another valid command into the register. 

Set-up Erase/Erase Commands 

Set-uD Erase is a command-only operation that 
stages the device for electrical erasure of all bytes m 
tne array. The set-up erase operation ts performed 
by writing 20H to the command register. 

To commence chip-erasure. the erase command 
(•20H) must again be wntten to the register The 
erase operation begins with the rising edge of the 
Write-Enable pulse and terminates with the nsing 
eage of the next Write-Enable pulse (i.e.. Erase-Veri- 
fy Command). 

This two-step sequence of set-up followed by execu- 
tion ensures that memory contents are not acciden- 
tally erased. Also, chip-erasure can only occur when 



high voltage is applied to the Vop pin. m the absence 
of this high voltage, memory contents are protected 
against erasure. Refer to A.C. Erase Charactenstics 
and Waveforms for specrfic timing parameters. 

Erase-Verjfy Command 

The erase command erases all bytes of the an-ay m 
parallel. After each erase operation, all bytes must 
be venfied. The erase venfy ooeratton is initiated by 
wnting AOH into the command register The aadress 
for the byte to be venfied must be supplied as it is 
latched on the falling edge of the Wnte-Enable 
pulse. The register wnte terminates the erase opera- 
tion with the rising edge of it: Write-Enable oulse. 

The 28F512 applies an internally-generated margin 
voltage to the addressed byte. Reading FFH from 
the addressed byte indicates that alt bits m the bvte 
are erased. 

The erase-verify command must be wrinen to the 
command register pnor to each byte venfication to 
latch its address. The process continues for each 
byte in the array until a byie does not return FFH 
data, or the last address is accessed. 

In the case where the data read is not FFH. another 
erase operation is performed. (Refer to Set-up 
Erase/ Erase). Venfication then resumes from the 
address of the last-verified byte. Once all bytes m 
the array have been venfied. the erase step ts com- 
piete. The device can be programmed. At this point, 
the venfy operation is terminated by wnting a valid 
command (e.g. Program Set-up) to the command 
register. Figure 5. the QuicK-EraseTw algorithm, illus- 
trates how commands and bus operations are com- 
bined to perform electrical erasure of the 28F512 
Refer to A.C. Erase Charactenstics and Waveforms 
for soecific timing parameters. 

Set-up Program/Program Commands 

Set-up program ts a command-only operation that 
stages the aevice for byte programming. Wnting 40H 
into the command register performs the set-uo 
operation. 

Once the program set-up operation is performed 
the next Write-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latcned on the falling edge of the Write-En- 
able pulse. Data is internally latched on the rising 
edge of the Write-Enable pulse. The nsing edge of 
Wnte-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next nsing edge of Write-Enable. used to write the 
program-venfy command. Refer to A.C. Program- 
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ming Characteristics and Waveforms for specific 
timing parameters. 

Program*Verify Command 

The 28F512 is programmed on a byte-by-byte basis. 
Byte orogramming may occur sequentially or at ran- 
dom. Following each programming operation, the 
byte just programmed must be venfied. 

The program-verify operation is initiated by writing 
COH into the command register. The register write 
terminates the programming operation with the ris- 
ing eage of its Wnte-Enabie pulse. The program-ver- 
ify operation stages the device for venfication of the 
byte last programmed. No new address information 
IS latcned. 

The 28F512 applies an internally-generated margin 
voltage to tne byte. A microprocessor read cycle 
outputs the data. A successful companson between 
the programmed byte and true data means that the 
byte IS successfully programmed. Programming then 
proceeds to the next desired byte location. Figure 4, 
the 28F512 Quick-Pulse Programming'^ algorithm, 
illustrates how commands are combined with bus 
operations to perform byte programming. Refer to 
A.C. Programming Charactenstics and Waveforms 
for specific timing parameters. 

Reset Command 

A reset command is orovided as a means to safely 
abort the erase- or program-command sequences. 
Following either set-up command (erase or program) 
with two consecutive writes of FFH will safely abort 
the operation. Memory contents will not be altered. 
A valid command must then be wntten to place the 
aevice in the desired state. 

EXTENDED ERASE/PROGRAM CYCLING 

EEPROM cycling failures have always concerned 
users. The high electncat field required by thin oxide 
EEPROMs for tunneling can literally tear apart the 
oxide at defect regions. To combat this, some sup- 
pliers have implemented redundancy schemes, re- 
.ducing cycling failures to insignificant levels. Howev- 
er, redundancy requires that cell size be doubled— 
an expensive solution. 

Intel has designed extended cycling capability into 
Its ETOX-II flash memory technology. Resulting im- 
provements in cycling reliability come without in- 
creasing memory cell size or complexity. First, an 
advanced tunnel oxide increases the charge carry- 
ing ability ten-fold. Second, the oxide area per cell 
subjected to the tunneling electnc field is one-tenth 
mat of common EEPROMs. minimizing the prooaoili- 



ty of oxide defects in the region. Finally, the peak 
electnc field during erasure is approximately 2 MV/ 
cm lower than EEPROM. The lower electnc field 
greatly reduces oxide stress and the prooabitity of 
failure — increasing time to wearout by a factor of 
100.000.000. 

The 28F512 is specified for a minimum of 10,000 
program/erase cycles. The device is programmed 
and erased using Intel's Quick-Pulse Program- 
mingTM and Quick-Erase^w aigonthms. Intel's algo- 
rithmic approach uses a senes of operations 
(pulses), along with byte venfication, to completely 
and reliably erase and program the device. 

QUICK-PULSE PROGRAMMINGTM ALGORI.HM 

The Quick-Pulse Programming algorithm uses pro- 
gramming operations of 10 ^s duration. Each opera- 
tion IS followed by a byte venfication to determine 
when the addressed byte has been successfully pro- 
grammed. The algorithm allows for up to 25 pro- 
gramming operations per byte, although most bytes 
verify on the first or second operation. The entire 
sequence of programming and byte verification is 
performed with Vpp at high voltage. Figure 4 Illus- 
trates the Quick-Pulse Programming algorithm. 

QUICK-ERASETv ALGORITHM 

Intel's Quick-Erase atgonthm yields fast and reliable 
etectncal erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse ProgrammingfM algorithm, to simulta- 
neously remove charge from all bits in the array. 

Erasure begins with a read of memory contents. The 
28F512 is erased when shipped from the factory. 
Reading FFH data from the device would immedi- 
ately be followed by device programming. 

For devices being erased and reprogrammed. uni- 
form and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 
(Data = OOH). This is accomplished, using the 
Quick-Pulse Programming algorithm, in approxi- 
mately one second. 

Erase execution then continues with an initial erase 
operation. Erase venfication (data FFH) begins at 
address OOOOH and continues through the array to 
the last address, or until data other than FFH is en- 
countered. With each erase operation, an increasing 
number of bytes verify to the erased state. Erase 
efficiency may be improved by storing the address of 
the last byte verified in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. Erasure typically occurs in one sec- 
ond. Figure 5 illustrates the Quick-Erase algorithm. 
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NOTES: 

t See 0 C. Characteristics for vaiue Vooh. The Vpo 
. DOwer su'opty can be nard-wired to the device or 
sw.tcnaote. When Vpo ts switcnea. Vool f^iay De 
ground, no-connect with a resistor tied to ground or 
•ess than Vcc - 2.0V. Refer to Prmcipies of Operation 



Operation Command! 



Comments 



Stanaoy 



' Wnte 



1 Wnte 



: Standby 



Wnte 



Standby 



I Read 



Stancoy 



Wait for Vpo Ramp to Vpoh(I) j j 



Initialize Pulse-Count 



Sei-uo Data = 40h 
Program 

Program ; valid Address/ Data 



Duration of Program 
. j OoerationftwHWHt) 

Programi2) : Qata = COH: Stops Program 
Venfy • Operation 

t 

I 

I Read Byte to Venty 
i Programming 



j Comoare Data Output to Data 
I Expected 



Wnte Read 
Standby 



Data = OOH. Resets the ■ 
Register tor Read Ooerations 

Wait for Voo Ramp to Voo, (1) ' 



2. Program Venty is only perlormed after byte program- 
ming. A final read/comoare may be oertormed (option, 
ao after tne register ts wnnen wnn the Read command 

3. CAUTION: The algorithm MUST 8E FOLLOWED 
to ensure proper and reliable operation of the de* 
vice. 



Figure 4. 28F512 Quick-Puise ProgrammingTM Algorithm 
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NOTES: 

» See D.C. Charactertstics for value o* Voom. The Voo 
oower suDOiy can oe narcj-wired to the oevice or 
switcnaoie. Whert Voo is switched. Vddl may De 
grouna. no-connect with a resistor tiec to ground, or 
iess tnan v^c • 2.0V. Refer to Prmcioies of Ooeration. 



But 

Operation 



Command I 



Comments 



Stanooy 



' Wnte 
Write 
'. SlanoDy 

i 

I Wnte 

I Standby 
I Read 

t 

' StanoDv 



! Wnte 



; Standby 



Set-uo 
Erase 



rrase 



! Erase 
! Vertty 



f Read 



I Entire memory must = OOH 
before erasure 



: Use OutcK-Puise ) 
: Programming Aigontnm 
: (Figure 4) 



I ! 



; Wait for Voo Ramo to VophI i ) . ; 



; Initialize Adoresses and 
! Pulse-Count 



Data = 20H 



Data « 20H 



: Duration of Erase Ooeration 

j 0WMWM2J 

I Addr « Byte to Venfy: 
' Data AOH: Stops Erase 
J Operation 

j IWHGL 

i Read Byte to Venfy Erasure 



Comoare Outout to FFH 
increment Pulse-Count 



! ! 

. i 



; ! 



I 



Data » OOH. Resets the | 1 
Register for Read Ooerattons i I 

Wait for Voo Ramo to Vooi_(i) 



SAN040012 



2. Erase Venfy is oertormed only after cnto-erasure. A I 
final read/compare may be performed (optional) after i 
the register is wnnen with the read command, | 

3, CAUTION: The algohthm MUST BE FOLLOWED j 
to anturt proper and reliable operation of the de- 
vice. I 



Figure 5. 28F512 Quick-EraseTu Algorithm 
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DESIGN CONSIDERATIONS 
Two-Line Output Control 

Flasn-memories are often used in larger memorv 
rays. Intel prov.des two read-controT .nj^s Jo 
commodate multiple memory connections Two lfn« 
control provioes for: wo-iine 

a. the lowest possible memory power dissipation 

b. comolete assurance that output bus eonf<.„. 
will not occur. contention 

To efficiently use these two control mouts an 
aress-oecooer output snould onve znLnJl' 
while the system's read signal controls all n.i 
memories and other parallel memories tL J 
that only enabled memory devices hLl j^.^""'" 
=uts. while oeseiectea devfc« rnafnTain^,'^^^^ 
DOwer stanoby condition. 



capacitors asc^.T'"''- '°-""e;ent..nouc.ance 

fXTei9htXcesT4%''';°r^ 

»«r ch«..iH 1 "»v'ces. a 4.7 electrolytic caDao- 

o^necZ^be^'el^r "^.5^^^^^ ^"-'^ 
^ifb^o^^r^^^^^^^^^ 

^Lfml ro tH 'Hductance. and will suppiy 

Charge to the smaller caoactors as needed. ^ 

Vpp Trace on Printed Circuit Boards 

theTrgeT'sL«,^'-'""'"°"«*- '^^V reside m 

ToarSigS pay SSnrthel 

Div trace The w ^"^"^'on to the Voo power sup- 

crease Vop voltage spikes and overshoots 



Power Supply Decoupling 



Flash-memory power-switching charactenstir* 
auire careful device ciern, '■''^'^^"^"stics re- 

are interested in three suoCcu-frfr 
standby, active, and tran's'e'n " „^ ^^^^^^^^^ 
Ouceo by falling ana rising eoges of ch?n Pn/r,.! r?' 
caoacive and inductive ^oaafon theTev-cTo^tputs 
aetermine the magnitudes of these peaKT 

Two-ime control and proper decoupling caoactor 
seiec^n will suopress transient vo.tlge Sa °s 
racr: aev.ce should have a 0.1 uF ceramilcaMcifn; 
connected oetween Vcc and Vss. and be^w"e^^?°; 



Power Up/Down Sequencing 

2!J^nrt!L\ '° protection against 

accidental erasure or programming, caused by sour 
lous system-level signals that may exist dunnS nZ' 

tifino^ architecture aN 

terat on of memory contents only occurs after sue- 

ourncl'S^'S" °' command se- 

quences. While these precautions are sufficient for 
most applications, it is recommended that SaS 
.« s^ajy-sute value before raising Vpo above 
K ... K !" 2<^*"0". iJOon oowenng-down Voo 
Should be below Vcc ' 2.0V. before lowenng Vcc 
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*l\lo(,ce: Stresses above tnose listed under "Abso- 
ABSOLUTE MAXIMUM RATINGS MaxirDum Ratirrgs" may cause permanent aam- 

age to the device. This is a stress rating only and 
Ooerat.ng Temoerature ^^^^^ , functional operation of the device at these or any 

During Read _ -^^ - o'C to - 70*0 other conditions above those indicated in the opera- 

Dunng Erase/ Program . ^ tional sections of this specification is not implied. Ex- 

Temperature under B,as _ ^ ^^yc poslre to absolute maximum ravng condwons for 

"^SZ^^^ .0Vto.70VU. 'extended penods may affect device reliability. 

Respect to Ground ^ '^•^ NOTICE- Specifications contained within the 

'°SirpeTttoGroi:r -2.0V to - 13.5V.2.3) ^^^mg talles are subfect to Change. 

Vpd Supply Voltage with 

Hesoect to Ground j 3) 

Dunng Erase/Program .... -2.0V to - 14.0Vt2. 
Vcc Supply voltage with , 

Resoect to Ground 2.ov to 

Output Short Circuit Current lou m/M 

';'°o7e^at.ng temoerature is for commercial P^^'^^^^.^f i^L\?^^^^^ to -2.0V lor pehods less 

2. Sfn.mum'D.C. input voyage is -O^SV^ C^urm^^^^^^^ ^^^^3,,,, . 2,.0V tor 

tnan 20 ns. Maximum D.C. voltage on output pins is vcc 

periods less than 20 ns. overshoot to i- 14.0V for pehods less than 20 ns. 



OPERATING C ONDITIONS 

Parameter 




Vcc Supply voltage 



D.C. rv^APAC TERISTlCS^TTL/NMOS COMPATIBLE 

J Unit 

Symbol 



Parameter 



Test Conditions 



'CCS 




Input LeaKage Current 
Output Leakage Cun-ent 
Vcc Standby Current 
Vcc Active Read Current 



i^^^tM 1 Vcc Programming Current 



\r r.nS ' > 1 ^CC ^^'ase Current 
loos ! Vpp Leakage Current 



r 10 
1.0 
30 
30 



30 
rIO 



\ ^A 
mA 
mA 
mA 



mA 

7a" 



Vcc = Vcc i^ax 
ViN = Vcco^^ss, 

Vcc = Vcc Max 
VnuT = VcC Of VSS 

Vcc = Vcc Max 

= v,H 



Vcc = Vcc Max, CE = Vit 
f = 6 MHz. Iqut = 0 "iA 
Programming in Progress 



Erasure in Progress^ 

Vpp = VppL 
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D.C. rMARACT ERISTlCS-CMOS C OMPATIBLE 

Umtts 

Parameter 




Vcc Active Read Current 



Vcc Vcc Wax. ^ = 
f = 6 MHz. Iqut = 0 mA 
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{Symbol 


Parameter 


Umitt 1 


Unit 


Test Conditlona I 

i 


Min 


Max 


Ippi 


Vpp Read Current 




200 


^A 


Vpp = VppH ! 


no 




Vpp = VppL 1 


|pp2(2) 


Vpp Programming Current 




30 


mA i Vpp = VppH 

1 Programming in Progress 


1 ipp3(2) j Vpp Erase Current 

t 


30 


mA 1 Vpp = VppH i 
j Erasure in Progress j 


Vn 1 Inout Low Voltage 


-0.5 1 0.8 1 V 1 1 


k... ilnoutHiahVoltaae ' 0.7 Vcc ! Vqc * 0.5 I V I 


! Vol 1 Output Low Voltage 

1 1 




0.45 


V 


Iql = 5.8 m A 
Vcc = Vcc 


I^0H1 In. .tp.it High Vnltage 
ivOM2 1 


j 0.85 Vcc 




V 


Iqh = -2.5 mA, Vcc ^ ^cc Mm 


ivcc - 0.4 


lOH = - 100 ^A. Vcc = Vcc M»n 


jVin iAoinieligent identiterTw Voltage 


11,50 i 13.00 1 V 




i.r^ 1 Ao inuliqent IdentifierTM Current I 


500 


hA |A9 = V,D 


VPPL 


Vpp dunng Read-Only Operations 


0.00 


Vcc - 2.0V 


V 


NOTE: Erase/ Programs are 
Inhibited when Vpp = VppL 


VoOM 


Voo dunnq Read/ wme Operations 1 11 .40 


12.60 


V 




CAPACITANCE(3) = 25'C. f = 1.0 MHz ^ ^ 



Symbol 



Parameter 



Limits 



Min 



Max 



Unit 



Conditions 



C)N 



Address/Control Capacitance 



PF 



V,N - OV 



Cqut 



Output Caoacitance 



12 



pF 



VouT = OV 



NOTES: 

1 Actrve icc current of a lyptcal device is 12 mA with nominal Vcc at room temperature. 

2. Active ipD current of a typical device is 10 mA with nominal Vpp at room temperature. 

3. Sampled, not 100% tested. 



5-38 



SAN040016 



inter 



28P512 



Hi 



A.C. TESTING INPUT/OUTPUT WAVEFORM 



INPUT 



TEST POINTS 



OUTPUT 



TtST POINTS 



290204.8 



A.C Tesnng: inouis are driven at Vqhi *0f a logtc "1" and Vq^ 
a fogic ■■Q" Testmg measufemeots are maoo at V,^ tor a logic 
ana v,(_ lor a togic ""O". Rise/ Pan time & lO ns. 



A.C. TESTING LOAD CIRCUIT 



1.3V 



1N914 




C, = lOOpf 



290204-9 



- 100 pF 
C,. irKtuoes Jig C«o«cnarK« 



A.C. TEST CONDITIONS 

input Rise and Fall Times (10% to 90%) 10 ns 

inout Pulse Levels Vql and Vqhi 

inout Timing Reference Level V|l and Vih 

Output Timing Reference Level V|l and Vih 



A.C. CHARACTERISTICS—Read-Only 



Versions 




I28F512-120 P1C4I28F512-150 P1C4 


28F5 12-200 PI C4 


Unit 


Symbol j 


Characteristic 


1 Min 


Max ! 


Min 


Max 


Min 


Max 


tAVAv/tpc 'Read Cycle Time 


! 120 ' 


i 


150 




200 1 


ns 


tci^Qv/lcE jChip Enable 
jAccess Time 


I 


120 




150 


200 


ns 


Uvov^Uco^ddress Access | 
^ime 1 


120 


1 


150 


} 


200 


ns 

L_ 


^GLGv'toE jOutput Enable 
lAccess Time 


t 

i 


,0 




55 


j 60 


ns 




Chip Enable to 
Outout in Low Z 


1 0 




0 




0 1 


ns 


^GLQx/^OLzP^^out Enable to 
Output in Low Z 


i ° 




0 1 


0 ' 

i 


ns 


iQHOZ^^Df Output Disable to j 
. lOutput in High Z j 


30 




35 




40 


ns 




Output Hold from 
Address. C2. 
or Change* ^) 


i 

1 0 




0 




° 1 


ns 


^WHGL 


Wnte Recovery Tima 6 
before Read I 




6 


1 6 
1 







NOTES: 

: . Whicnevef occurs first. 
Z. Rise/Fall Time 10 ns. 
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Figure 6. A.C. Waveforms for Read Operations 

5-40 
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A.C. CHARACTERISTICS—Write/Erase/Program Operations^) 



; Versions 




28F512-120P1C4 


28F512.150P1C4 


f 28F512-200 P1C4 


j Symbol 


Characteristic 


MIn 


i Max 


MIn 


Max 


Min 


: Max 


unii 

t 


Iavav^^wc 


* VAJnta ^t**»l^ 

wnie uycie i ime 


120 




150 


1 


i 200 


i 


• ns 1 




' Address Set-Up Time [ 


0 


1 i 


0 


i 


! 0 




; ns 1 




' Address Hold Time 1 


gn 


i 


DU 




75 




ns 1 


'towvH/ios 


Data Set-up Time ' 


SU 








i 50 




ns ! 


'twHOX^tOH 


' Data Hold Time ! 


10 


1 . 


10 




10 




' ns i 


■ tWHGL 

j 


Write Recovery Time i 
before Read j 


6 


1 : 


6 


! 


6 




■ us i 


t 


Read Recovery. Time j 
: before Write ! 


0 


i 

t 


0 


1 


! 0 


i 


. U.S t 


:tELWL'*tCS 


Chip Enable 

Set-Uo Time before Write ! 


20 


1 


20 


t 


1 2° 




; ns i 

i ! 


^WHEH^tCH 


Chip Enable i 
Hold Time i 


0 


, 


0 




0 

i 




I ns j 

; i 


■ ^WLWH^twP 


' Write Pulse Wtdtn»2i 


50 




50 




! 60 




! ns i 


t£L£H 


Alternative Wnte(2J 
Pulse Width i 


70 ; 




70 




80 




! ns 1 

: I 


tWHWL^^WPH 


. Wnte Pulse 

I Width High i 


20 I 


i 


^° 1 




20 , 

! 


ns| 




Duration of 

Programming Operation 


10 i 

1 


25 


10 

1 


" i 


10 

1 


25 


: — 1 

^s; 

t 


^WHWH2 


Duration of 
Erase Operation 


9.5 

t 


10.5 


9.5 


10.5 i 

i 




10,5 


ms j 

I 




Vpp Set-Up 

Time to Chip Enable Low i 


100 

i 




100 

1 




100 

1 




ns 





NOTES: 

;na?a"e;rs^o^"l;^=S^^ """'"""^ ^'^ "-"^ - ^^"-^ '---'^ ooera..ons. fle.er ,o A.C. 

t ':,aZ"^°'^ Controlled wmes: Wnte ooerat.ons are anven by the vai.o como.nation o( Chip-EnaDie ar^o Wnte-enable In 
systems «,nere Chio-cnaoie defmes me wnte ouise w,dth .w.tmn a lonaer wnte-Enaoie t.m.nq wa^torm. ail sruo nn.rt 
rac;.ve vVnte-Enaoie i.mes snou,o oe measurea relative to tne Chip-Enaoie wavetorm ' '"avetorm, ail sei-uD. nold. and 
J. rtise/Fali time i. 10 ns. 



ERASE AND PROGRAMMING PERFORMANCE 



Parameter 


Limits 




- Unit 


Comments 




Min Typ 


Max 




Chip Erase Time 


0.50) : 

i • i 


30 


. Sec 


Excludes OOH Programming 
Pnor to Erasure 


Chip Program Time 


1(1) 


12*2) 


Sec 


Excludes System-Level Overhead 


Erase/ PrQgram Cyctes^3) i 


10.000 i 100,000 ; 




Cycles 





NOTES: 

T 25'C. 12.0VVOO. 10.000 cycles 

«orst case aSwM me ifoaramm^nJZnm^^^^^ ^" °~9ramm.ng ,.me is specified lower Than the 

3 ;^eieMl flR er'ETOX^M'pfa'sn^r^ ""JS'"" significantly faster than the worst case byte. 

lasn Memory fleiiaoility Data Summary for typical cycling oata and failure rate calculations. 
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o 
z 



o 
o 



X 

u 



< 

5 



15 . 



CONOmONS: Vpp= 12.0V NOUtNAL 



10 



MAXIMUM CHIP PROGRAMMING TIME ( 1 2 SEC) 




10.000 
1.000 



25 



SO 



75 



100 125 



TEMPERATURE (OC) 
100,000 REWRITE CYCLES 
10,000 REWRITE CYCLES 



— 1.000 REWRITE CYCLES 



290204.14 



Figure 7. 28F512 Typical Programming Time vs. Temperature 



^ 15 



o 
z 

a 
< 

o 

O 
K 

X 

u 

< 

o 



CONOmONS: TEMPERATURE = 70<*C 




12.0V 
NOMINAL 

1 00.000 REWRITE CYCLES 
10.000 REWRITE CYCLES 



12.6V 

(♦sr.) 

Vpp VOLTAGE 



— 1.000 REWRITE CYCLES 
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Figure 8. 28F512 Typical Programming Time vs. Vpp Voltage 
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u 

Ui 
U1 



0. 

z 

u 



30 



CONDITIONS: Voo = 12.0V NOWINAL 
_ ^xcludcs OOH PROCRamuinC 



MAXIMUM CHIP ERASC TIME (30 SEC) 




TEMPERATURE (<»C) 
- 100.000 REWRITE CYCLES 

10.000 REWRITE CYCLES 

^.000 REWRITE CYCLES 



Figure 9. 28F512 Typical Erase Time vs. Temperature 



< 



z 

u 



1.5 



CONDITIONS: TEMPERATURE = O^C 
EXCLUDES OOH PROGRAMMING 



^ X ^"^^'»^UM CHIP ERASE TIME (30 SEC) 




100.000 

-10.000- 
"1.000 



tl.AV 



1 2.0V 

NOMINAL 



100,000 REWRITE CYCLES 
•••••• 10.000 REWRITE CYCLES 

1. 000 REWRITE CYCLES 



t2.6V 
(♦555) 

Voo VOLTAGE 



Figure 10. 28F512 Typical Erase Time vs. Vpp Voltage 
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Figure 11. A.C. Waveforms for Programming Operations 
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Ordering Information 



|0|2|a|r|3|l|2|-|l|2|0iP|l|c|4| 



Valid Combinations: 

D28F512-120P1C4 
028F512'150P1C4 
D28F512-200P1C4 



PACIUCC 

0 = 32-PIN CEROIP 
N3 32-LEA0 PLCC 



N28F512-120P1C4 
N28F512-150P1C4 
N28F512-200P1C4 



I 



REPROCRAM CYCLES (lO'') 
4 3 10.000 CYCLES MINIMUM 

•ERASE/PROGRAM VOLTAGE 
t = 12.00V 15% 

•ACCESS SPEED (ns) 
120 ns 
iSOnt 
200 nt 
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ADDITIONAL INFORMATION 

ER-20. "ETOXTM Flash Memory Technology" 

ER-23. 'The Intel 28F512 Flash Memory" 

RR-60. "ETOXTM Rash Memory Reliability Data Summary" 

AP-316. "Using Flash Memory for In-System Reprogrammable 
Nonvolatile Storage" 



Order Number 
294005 
294007 
293002 
292046 
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1024K (128K X 8) CMOS°FLASH MEMORY 



I Flash Electrical Chip-Erase 

— 1 Second Typical Chip-Erase 
I Quick-Pulse ProgrammingTM Aloorith-. 

- 10 MS Typical Byte-Program^ 

— 2 Second Chip-Program 

10.000 Erase/Program Cycles Minimum 
12.0V r 5% Vpp 

High-Pertormance Read 

— 135 ns Maximum Access Time 
CMOS Low Power Consumption 

— 30 mA Maximum Active Current 

— 100 mA Maximum Standby Current 



I Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

I Noise Immunity Features 

— r 10% Vcc Tolerance 

— Maximum Latch-Up Immunity 
through EPI Processing 

ETOXTw-ll Flash-Memory Technoioov 

— EPROM-Compatlble Process Base 

— High-Volume Manufacturing 
Experience 

Compatible with JEDEC-Standard Byte- 
Wide EPROM PInouts ^ 

— 32-Pln Cerdip 

— 32-Lead PLCC 

(S«o Packaging Sp«c.. Orow #23 1369) 

inters 28F010 CMOS flash memory offers mo 

ranaom access nonvolatile memory The 2aPftfn °'^ cost-effective and reliable alternative for read/writA 
EPROM technology. Memory contS^ts can be r ° ch.p-erasure and reprogramning to famiS 

board dunng subassembly test: -n-system dunnr. r ^ « PROM-programmer ^0^9^00 

memory flexibility, while contributing to time and ^o^^^^^^^^ '"'^^^'^"^ "^^^ 28^010 increaSs 

The 28F010 is a 1024.kilobit nonvolatile 

w.ae EPROMs. Pacioges. Pin assignments conform to JEDEC standards for byti 

Extended erase and program cvclina canaK i K ■ 

cess technology. Advanced oxide process,n7an n„?'^"^2 T^'^ ^^^^^^ ^""nel Oxide) pro- 

bine to extend reliable cycling beyond fhaf ^/ . ^^'""'zed tunneling structure, and lower electnc f^i<i r«« 
oerforms a minimum of 'o.OOO eZeana^^^^^^^^ EEPROMs. With the 12.0V Vpp suS ?he iflSTo 

grammingrM and Ou.cK-EraserM'a"J,f;4P'°9ram cycles well w.,h.n the time limits of me Sck PulsX 

inters 28F010 employs advanced CMOS circuits . . 

oower consumption, and immunity to noSe S n«; n ^gh-pertormance access speeds low 

ance for a wide range of microp7ocesSs inVi access time provides no-V^MT sxl^rtn^ 

'a.es ,n,o power savings when Thrdev.?e .s ^1^^.°^^^^^^ ^'^"^''y <="^^e"t of ?S) uA JanT 

achieved through Intel's unique EPI proSs^ " eJen^^^^^^ ''^^'^ °' '««=^-"P ProT^t STfj 

on address and data pins, from - 1 v ,0 Vcc > ly ' ° stresses up toToo mA 

With Inters ETOX-ll process base the PflPr^m 1 

Of Quality, reliaoihty. and cost-effectiveness "'""^ °' ^""^^ 'o yield the highest levels 
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WE 



Ct 

oi 



STATT 
CONTROL 



COUyAND 

RCaSTDt 



CRASe VOLTAGE 
SWfTCH 



TO ARRAY 

SOURCE 



PCM VOLTACC 
SWfTCH 



r 



CHIP. tNA8L£ 
OOTPOT CNABLC 
LOGIC 



STB 



Y-OKOOCR 



X-OCCOOCR 



n 



IHPUT/Ol/TPUT 

suntRS 



STB 



1^ 



DATA 
UTCM 



Y-GATINC 



1.043.576 err 

Cai MATRIX 
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Figure 1. 28F010 Block Diagram 
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28F010 













1 


32 




At6C 


2 


3t 


3 we 


At5C 


3 


30 




AI2C 


4 


29 


□ a14 


A7C 


5 


28 


Dam 


A6C 


6 


27 


Tab 


A5C 


7 


26 




A^C 


8 


25 


□ A1 1 


A3C 


9 


2* 


□ of 


A2C 


10 


23 


3aio 


AtC 


n 


22 


3cl 


AOC 


12 


21 


□ 007 


000 C 


13 


20 


3006 


001 c 


14 


19 


3005 


002 C 


15 


18 


3004 




16 


'7 


3003 



CM m (o a. o 
< < < > > I* ^ 

n n n n n n PI 



A7C 
46 C 
A5C 
A4C 
A3C 
A2C 
AlC 
AOC 

000 C 



A 3 2 1 32 31 30 



5 
6 
7 
8 
9 

10 
1 1 
12 
13 



28roio 

32 - L£AO PLCC 
0.430" X 0.530" 
TOP vrcw 



14 tS 16 17 18 19 20 

y yuyy gy 

2 2 g g g g 



29 
28 
27 
26 
25 
24 
23 
22 
21 



3 am 

3At3 
3 AS 

3a9 

3 A1 1 

30E 

3Ato 

CE 
3007 



290207-3 



290207-2 



figure 2. 28F010 Pin Configurations 
Table 1. Pin Description 



Symbol 



Type 

INPUT 



Name and Function 



MS 



DQ0-DQ7 : INPUT/OUTPUT 



ADDRESS INPUTS for memory addresses. Addresses are internally 
'atched dunng a wnte cycle. 



INPUT 



DATA INPUT/OUTPUT: Inputs data dunng memory wnte cycles- 
outputs data dunng memory read cycles. The data pins are active high 
and float to tn-state OFF wnen the chip is deselected or the outputs 
are disabled. Data is internally latched during a write cycle. 

CHIP ENABLE: Activates the device s control logic, input buffers 
decoders and sense amplifiers. CE is active low; cl high deselects the 
memory device and reduces power consumption to standby levels 



OE 
WE 



INPUT 
INPUT 



vss 

NO 



OUTPUT ENABLE: Gates the devices output through the data buffers 
dunng a read cycle. OE is ac tive low. 

WRITE ENABLE: Controls writes to the control register and the array 
Wnte enable is active low. Addresses are latched on the falling edge 
and data is latched on the nsmg edge of the wE pulse. 
Note: With Vpp ^ Vcc - 2V. memory contents cannot be altere d. 
ERASE/PROGRAM POWER SUPPLY for writing the command 
register, erasing the entire an-ay. or programming bytes in the array. 
DEVICE POWER SUPPLY (5V = 10%) 
GROUND 

NO INTERNAL CONNECTION to device. Pin may be driven or left 
floating. 
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APPLICATIONS 

The 28F010 flash-memory adds electrical chip-era- 
sure and reprogrammability to EPROM non-volatility 
and ease of use. The 26F010 is ideal for stonng 
code or data-tables tn applications wnere periodic 
uDdates are required. With a minimunn of 10.000 
erase/ program cycles, the 28F0ld also serves as a 
dense, nonvolatile aata acouisition and storage me- 
dium. 

The need for code updates pervades all phases of a 
system s life — from prototyping to system manufac- 
ture to after-sale service. In the factory, dunng proto- 
tyoing. revisions to control code necessitate ultravio- 
let erasure and reprogramming of EPROM-based 
prototype codes. The 28F010 replaces the 15- to 
20-minute ultraviolet erasure with one-second elec- 
trical erasure. Electncal chip-erasure and repro- 
gramming occur in the same workstation or PROM- 
programmer socket. 

Diagnostics, performed at subassembly or. final as- 
sembly stages, often ' require the socketing of 
EPROMs. Socketed test codes are ultimately re- 
placed with EPROMs containing the final program. 
With electncal chtp-erasure and reprogramming, the 
28F010 IS soldered to the circuit board. Test codes 
are programmed into the 28F010 as it resides on the 
circuit board. Ultimate*y, the final code can be down- 
loaded to the device. The 28F0l0*s in-circuit altera- 
bitity eliminates unnecessary handling and less-reti- 
aoie socketed connections, while adding greater 
test flexibility. 

Matenal and labor costs associated with code 
cnanges increase at higher levels of system integra- 
tion— the most costly being code uoaates after sate. 
Code "bugs", or the desire to augment system func- 
tionality, promot after-sale code updates. Field revi- 
sions 10 EPROM-based code require the removal of 
EPROM components or entire boaros. The service 
tecnnician performs the twenty-minute ultraviolet 
erasure and reprogramming on-site, or returns 
boaros to the factory for rework. An alternate ap- 



proach IS to use one-time-programmable EPROMs. 
The service technician removes the "old" devices 
and replaces them with updated versions. The used 
components are discarded. 

Designing with the in-circuit alterable 2BF010 elimi- 
nates socketed memones. reduces overall matenal 
costs, and drastically cuts the tabor costs associat- 
ed with code updates. With the 28F010. code up- 
dates are implemented locally via an edge-connec- 
tor, or remotely over a senal communication link. 

The 28F010'S electncal chip-erasure, byte repro- 
grammability, and complete nonvolatiiity fit well with 
data accumulation needs. Electncal chip-erasure 
gives the desig.:er a "blank-slate" in which to log 
data. Data can be pehodically oft-loaded for analy- 
sis—erasing the state and repeating the cycle. Or. 
multiple devices can maintain a "rolling window" of 
accumulated data. 

With high density, nonvolatiiity, and extended cycling 
capability, the 28F010 offers an innovative alterna- 
tive for mass storage. Integrating mam memory and 
backup storage functions into directly executable 
flash memory boosts system performance. Shrinks 
system size, and cuts power consumption. Reliability 
exceeds that of electromechanical media, with 
greater durability in extreme environmental condi- 
tions. 

A high degree of on-chip feature integration simpli- 
fies memory-to-processor interfacing. Figure 3 de- 
picts two 28F010S tied to the 800 186 system bus. 
The 28F010's architecture minimizes interface cir- 
cuitr/ needed for complete m-circuit updates of 
memory contents. 

With cost-effective in-system reprogramming and 
extended cycling capability, the 28F010 fills the 
functionality gap between traditional EPROMs and 
E2PROMs. EPROM-compatible specifications, 
straightforward interfacing, and in-circuit alterability 
allows designers to easily augment memory flexibili- 
ty and satisfy the need for updatable nonvolatile 
storage in today's designs. 
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Figure 3. 28F010 in a 80C186 System 



PRINCIPLES OF OPERATION 

Fiasn-memory augments EPROM functionality with 
in-circuit electrical erasure and reorogrammmg The 
28F010 introouces a command register to manage 
this new functionality. The command register allows 
•or; 100% ) iL-ievei control inputs; fixeo power sup- 
oties dunng erasure and programming; and maxi- 
■Tium EPROM comoatibility. 

in the aosence of high voltage on the Voo oin, the 
28F010 IS a read-only memory. Manipulation of the 
external memory-control pins yields the standard 
zPROM read, standby.. output disable, and intphgent 
'dentifier'M ooerations. 

'ne same EPROM read, standby, and outout disable 
coerations are available wnen high voltage ts ao- 
died to the Vdo pm. in addition, high voltage on Vdd 
enaoies erasure and programming of the device All 



functions associated with altering memory con. 
tents— ^nteltgent identifier, erase, erase venfy, pro- 
gram, and program verify— are accessed via the 
command register. 

Commands are wnnen to the register using standard 
microprocessor write timings. Register contents 
serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 
cycles also internally latch addresses and data 
needed for programming or erase operations. With 
the appropnate command written to the register, 
stanaard microprocessor read timings output array 
data, access the mteligent identifier codes, or output 
data for erase and program verification. 

The command register is only alterable when Vdo is 
at nign voltage. Depending upon the application, the 
system designer may choose to make the Vpp pow- 
er supply switchable— available only when memory 
updates are desired. When high voltage is removed 
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Table 2. 28F010 Bus Operations 



i 


Pins 


1 


Ao 


A9 


CE 


1 

6E| 


WE 


OQ0-OQ7 




Operation 




Read 


VpPL 


Ao 


Ag 


V|L 


V|L 1 


V|H 


Data Out 




OutDut Disable 


VPPL 


X 


X 


V.L 


VlH i 


V|H 


Tri-State 


READ-ONLY 


1 Standby 


VpPL ! 


X 


X 


VlH 


X ! 


X 


Tri-State 




inUligent IdentifierTw (Mfr)(2) 


VpPL ! 


ViL 




V(L 


V|L 1 


V|H 


Data = 89H 




inteligent Identifier tm (Device)<2) 


Vopu ■ 


VlH 1 


V|o(3» 


V|L 


V|L i 


VlH 


Data » B4H 




Read 


VPPH ! 


Ao i 


Ag 


V.L 


ViL 1 


V|H ! Data Out**) 


READ/WRITE 


Output Disable 


VppH ! 


X 1 


X 


V.L 


V|H ! 


VlH i 


Tri-State 


Standby<5) 


VpPH 1 


X 1 


X ! 


VlH i 


X ' 


X i 


Tri-State 




• Write i 


VppH 1 


Ao 1 


Ag 




V|H 1 


ViL i 


Data ln(6) 1 



NOTES: 

' Vooi^ may oe grouno. a no-ccnnect with a resistor tied to ground, or ^ Vqc * 2.0V, VppH is trie orogramming voltage 
soecified tor tne oevice. Refer to O.C. Characteristics. When Vpp = Vpp^ memory contents can be reao Out not wnnen or 
erasec. 

2 Manufacturer ana device cooes may aiso be accesseo via a command register wnte sequence. Refer to Table 3. All other 
aooresses low. 

3 VtQ is the intghgent Identifier high voltage. Refer to DC Charactenstics. 

4 Reao ooerations with Vpo = Vppw may access array data or the tnteligent identifierTu codes. 

5 With Vpp at high voltage, the standby current eauais Ice " Ipp (standby). 

6. Refer to Taoie 3 for valid Oata-in dunng a wnte operation. 

7. X can oe Vj^ or Vih- 



the contents of the register default to the read com- 
mand. making the 28F010 a read-only memory. 
Ivlemory contents cannot be altered. 

Or. the system designer may choose to "hardwire" 
VoD, making the high voltage supply constantly 
avaiiaole. in this instance, all operations are per- 
formed in coniunction with the command register. 
The 28F010 is designed to accommodate either de- 
sign practice, and to encourage optimization of the 
processor-memory interface. 



BUS OPERATIONS 
Read 

The 28F010 has two control functions, both of which 
must oe logically active, to obtain data at the out- 
puts. Chip-Enable (Cl) is the power control and 
Should be used for device selection. Output-Enable 
(OE) IS the outDut control and should be used 
to gate data from the output pins, independent of 
device selection. Figure 6 illustrates read timing 
waveforms. 

When Vpp IS high (Vppn). the read operation can be 
used to access array data, to output the intgligent 
ideniifierTM codes, and to access data for program/ 
erase venficaiion. When Vpp is low (VppJ, the read 
operation can only access the array data. 



Output Disable 

With Output-Enable at a logic-high level (V|h). output 
from the device is disabled. Output pins are placed 
in a high-impedance state. 



Standby 

With Chip-Enable at a logic-high level, the standby 
operation disables most of the 28F010's circuitry 
and substantially reduces device power consump- 
tion. The outputs are placed in a high-impedance 
state, independent of the Output-Enable signal. 
If the 28F010 is deselected during erasure, pro- 
gramming, or program/erase verification, the 
device draws active current until the operation is 
terminated. 



Inteligent IdentifierTM Operation 

The intgligent Identifier operation outputs the manu- 
facturer code (89H) and device code (B4H). Pro- 
gramming equipment automatically matches the de- 
vice with its proper erase and programming algo- 
rithms. 
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With Chip-EnaDle and Outout-Enadle at a logic low 
level, raising A9 to high voltage V|o (see DC Charac- 
tenstics) activates the ooeration. Data read from lo- 
cations OOOOH and 000 1H represent the manufac- 
turer's code and the device code, respectively 

The manufacturer- and device-codes can also be 
read via the command register, for instances where 
the 28F010 is erased and reprogrammed in the tar- 
get system. Following a write of 90H to the com- 
mand register, a read from address location OOOOH 
outputs the manufacturer code (89H). a read from 
address 0001 H outputs tne device cooe (B4H) 



used to store the command, along with address and 
data information needed to execute the command. 

The command register is wntten py bnngmg Wnte- 
Enable to a logic-tow level (Vfj. while Chip-Enaoie is 
low. Addresses are latched on the failing edge of 
Wnte-Enaoie. while data is latched on the nsing 
edge of the Write-Enable pulse. Standard microproc- 
essor write timings are used. 

Refer to A.C. Wnte Charactenstics and the Erase/ 
Programming Waveforms for specific iiming 
parameters. 



Write . 

Device erasure and programming are accomplished 
via the command register, when high voltage is ap- 
plied to the Vpp pin. The contents of the register 
serve as mout to the internal state-macnine. The 
siate-machine outputs aictate the function of the 
device. 

The command register itself does not occupy an ad- 
dressable memory location. The register rs a latch 



COMMAND DEFINITIONS 

When low voltage is applied to the Voo pin. the con- 
tents of the command register default to. OOH. en- 
aoling read-only operations. 

Placing hign voltage on the Vop pin enables read/ 
wnte operations. Device operations are selected by 
writing specific data patterns into the command reg- 
ister. Table 3 defines these 28F010 register 
commands. 



Tables. Command Definitions 



Command 



Bus . 
:Cyclesl 



First Bus Cycle 



Second Bus Cycle 



Req'd!Operation<i)iAddress(2)!Data<3)Operation(i)iAddress(2);Dat3(3y 



Head Memory 


1 i 


Write 


X 


: OOH • 


j 


t 


• ! 


Read mteligent Identifiers^ Codes<^'l 


2 ' 


Wnte 


X 


90H 


Read 


lA 


' ID ; 


Set-uD Erase/'Erase^S) 


2 : 


Wnte 


X 


20H • 


Wnte 


X 


20H i 


Erase Verify(5) : 


2 : 


Write 


EA 


AOH 


Read i 


X 


EVD 1 


Set-up Program/Programi6) i 


2 ! 


Write 


X 


' 40H • 


Write 


PA 


1 PD j 


Program Verifyi6) 


2 ; 


Wnte 


X 


. COH 


Read 


X 


PVD i 


Reseti^) , j 


2 1 


Write 


X 


FFH 


Write 1 


X 


; FFH 1 



NOTES: 

: 3us ooerations are Defined in Table 2. 

2. lA =^ iaentifier aooress: OOH tor manufacturer code. 01 H for device ccae 
rA - Afldress of memorv location to oe reao Ouring erase verify 
PA - Aooress of memory location to oe programmed 
Aoaresses are latcneo on ine falling eoge of the Wnte-Enabie pulse 

cun ^"""9 *«ient,tication (Mfr » e9H Device 

EVD « Data reao from location EA dunng erase venty ' 

p5D'-°nL^.J°.«!.^/°^^^ at location PA. Data .s latcnea on tne ns.ng eoge of Wnte-Enaoie 
PVD = Data read from location PA dunng proaram ventv PA iarrr,o« TiT^o enaoie. 

0 r.gure 4 Illustrates the Quick-Pulse ProgrammingTw Algonthm 

^. The second bus cycle must oe followed by the des.red command register wnte. 
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Read Command 

While Vpp ts high, for erasure and programming, 
memory contents can be accessed via the read 
command. The read operation is initiated by writing 
OOH into the command register. Microprocessor 
read cycles retrieve array data. The device remains 
enabled for reads until the command register con- 
tents are altered. 

The default contents of the register upon Vpp pow- 
er-up IS OOH. This default value ensures that no spu- 
rious alteration of memory contents occurs dunng 
the Vpp power transition. Where the Vpp supply is 
hard-wired to the 29F010. the device powers-up and 
remains enabled for reads until the commana-regis- 
ter contents are changed. Refer to the A.C. Read 
Charactenstics and Waveforms for specific timing 
parameters. 

inteligent Identifier^M Command 

Flash-memories are intended for use in applications 
where the local CPU alters memory contents. As 
such, manufacturer- and device-codes must be ac- 
cessible while the device resides in the target sys- 
tem. PROM programmers typically access signature 
codes by raising A9 to a high voltage. However, mul- 
tiplexing high voltage onto address lines is not a de- 
sired system-design practice. 

The 28F010 contains an inteligent Identifier opera- 
tion to supplement traditional PROM-programming 
methodology. The operation is initiated by writing 
90H into the command register. Following the com- 
mand wnte. a read cycle from address OOOOH re- 
trieves the manufacturer code of 89H. A read cycle 
from address 0001 H returns the device code of 
B4H. To terminate the operation, it is necessary to 
wnte another valid command into the register. 

Set-up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages the device for electrical erasure of all bytes tn 
the array. The set-up erase operation ts performed 
by wnting 20H to the command register. 

To commence chip-erasure, the erase command 
(20H) must again be written to the register. The 
erase operation begins with the rising edge of the 
Write-Enable putse and terminates with the nsing 
edge of the next Write-Enable pulse (i.e.. Erase-Veri- 
fy Command). 

This two-step sequence of set-up followed by execu- 
tion ensures that memory contents are not acciden- 
tally erased. Also, chip-erasure can only occur when 
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high voltage is applied to the Vpp pm. in the absence 
of this high voltage, memory contents are protected 
against erasure. Refer to A.C. Erase Charactenstics 
and Waveforms for specific timing parameters. 

Erase*Veiify Command 

The erase command erases all bytes of the array in 
parallel. After each erase operation, all bytes must 
be verified. The erase vertfy operation is initiated by 
wnting AOH into the command register. The address 
for the byte to be verified must be supplied as it is 
latched on the falling edge of the Write-Enable 
pulse. The register write terminates the erase opera- 
tion with the rising edge of its Write-Enable pulse. 

The 28F010 applies an internally-generated margin 
voltage to the addressed byte. Reading FFH from 
the addressed byte indicates that* all bits in the byte 
are erased. 

The erase-verify command must be wntten to the 
command register prior to each byte verification to 
latch its address. The process continues for each 
byte in the an-ay until a byte does not return f FH 
data, or the last address is accessed. 

In the case where the data read is not FFH. another 
erase operation is performed. (Refer to Set-up 
Erase/Erase). Verification then resumes from the 
address of the last-verified byte. Once all bytes in 
the array have been verified, the erase step is com- 
plete. The device can be programmed. At this point, 
the verify operation is terminated by writing a valid 
command (e.g. Program Set-up) to the command 
register. Figure 5. the Quick-Erase algorithm, illus- 
trates how commands and bus operations are com- 
bined to perform electncal erasure of the 26F010. 
Refer to A.C. Erase Characteristics and Waveforms 
for specific timing parameters. 

Set-up Program/Program Commands 

Set-up program is a command-only operation that 
stages the device for byte programming. Writing 40H 
into the command register performs the set-up 
operation. 

Once the program set-up operation is performed, 
the next Write-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latched on the falling edge of the Write-En- 
able pulse. Data is internally latched on the rising 
edge of the Write-Enable pulse. The rising edge of 
Write-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next rising edge of Write-Enable. used to write the 
program-verify command. Refer to A.C. Program- 
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ming Characteristics ana Waveforms for soecifir 
timing parameters. 

Program-Verify Command 

The 28F010 is programmed on a byte-by-byte basis 
Byte programming may occur seauentialiy or at ran 
flom. Following each programming operation the 
byte lust programmed must be venfied. ' 

The program-verify operation is initiated by writino 
COH into the command register. The register wmf 
terminates the programming operation with the n« 
>ng edge of its Write-Enable pulse. The program ver* 
ify operation stages the device for venfication of the 

is^atihed"'"^'""'"'""' '"formation 

The 28F010 applies an internally-generated marain 
vo tage to the byte. A microprocessor read cyde 
outputs the data. A successful comparison VeiZen 
the orogrammed byte and true data means tha? me 
byte IS successfully programmed. Programmmo hen 
proceeds to the next desired byte location Ron eT 
the 28F010 QuicK-Pulse ProgrammingTM^rgon mm 
Illustrates how commands are combmed S Sus 
operations to perform byte programming. Refer to 
A C. Programming Characteristics and Waveforms 
for specific t:ming parameters. "verorms 

Reset Command 

^r,««THf """"^"'^ " P'"^"^^*^ ^5 a means to safely 
abon the erase- or program-command sequences 
FoHowing either set-uo command (erase or program, 
witn tNvo consecutive writes of FFH will safely abor^ 
^ne operation. Memory contents will not be altered 
A valio command must then be wnnen to place the 
device in the desired state. 

EXTENDED ERASE/PROGRAM CYCLING 

."S^r-K ^^""ll"^ «'^ays concerned 

-EPROMs for tunneling can literally tear apan me 
ox^e a, defect regions. To combat this, some sup 
Pliers nave implemented redundancy schemes, re^ 
duc.ng cycling failures to insignificant levels Howev-' 
er. redundancy requires that cell size be doubled— 
an expensive solution. 

as ETOX-II flash memory technology. Resulting im- 

creasing memory cell size or complexity. First an 
advanced tunnel oxide increases the charge car^ 
'ng ability ten-fold. Second, the oxide arei L, eel 
suoiected to me tunneling electnc field is Jne tenm 
.hat Of common EEPROMs. minimizing me p^obapT 



electric field dunng erasure is approximately 2 MV/ 
^oJrfV''^" EEPROfW. The lower electnc field 
greatly reduces oxide stress and the probability of 

loao^oT"'"' '° ''^ ' °' 

The 28F010 IS specified for a minimum of 10 000 
program/erase cycles. The device .s programmed 
and erased using Intel's Quick-Pulse Program- 
mingTM and Quick-EraseTM algorimms. inters algo- 
nttnmic approach uses a series of operations (puis- 
f! 'J °"^ "y*® venfication, to completely and 
reliably erase and program me device. 

QUICK-PULSE PROGRAMMINGTM ALGORITHM 

The Quick-Pulse Programming algonthm uses pro- 
gramming operations of 10 MS duration. Each opera- 
tion IS followed by a byte venfication to determine 
when the addressed byte has been successfully oro- 
grammed. The algorithm allows for up to 25 oro- 
gramming operations per byte, although most bytes 
venfy on the first or second operation. The entire 
sequence of programming and byte venfication is 
performed with Vpp at high voltage. Figure 4 illus- 
trates the Quick-Pulse Programming algonthm. 

QUICK-ERASETM ALGORITHM 

Intel's Quick-Erase algonmm yields fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse Programming TM algonthm. to simulta- 
neously remove charge from all bits in the an-ay. 

foc«",« "^^'"^ ^"'^ ^ '^^'^ °' '"^'"0^ contents. The 
28F010 IS erased when shipped from me factory 
Reading FFH data from me device would immedi^ 
ately oe followed by device programming. 

For devices being erased and reprogrammed. uni- 
form and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 

n o", '^^^J- """^'^ accomplished, using me 
Quick-Pulse Programming algonthm. in approxi- 
mately two seconds. ««mh'oxi 

Erase execution then continues with an initial erase 
ooeration. Erase venfication (data = FFH) begins at 
address GOOGH and continues mrough the a^ay to 
the last address, or until data other than FFH is en- 
countered With each erase operation, an increasing 
number of bytes verify to me erased state. Erase 
tho^T.? ""^^ "e/'^Pra^'ed by stonng the address of 
the last byte venfied in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. Erasure typically occurs in one sec- 
ond. Figure 3 illustrates me Quick-Erase algonmm. 
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Incrtmtnl 



Iprog rem mingy 



Apply 



I PISCNT a 0 I 



WRlTt S«t-up 
Pfogpom Cmd 

i 



Writ* Progrom 
Cmd (A/D) 

I 



Apply 


1 






Apply 



/^Progrt»mm,n^\ C^^^^ 



290207-5 

NOTES: 

1 . See O.C. Charactenstics for value of VppH. The Vpp 
Dower supply can be hard-wired to the device or 
swucnaote. When Vpp is switched. Wppi may be 
ground, no-connect with a resistor tied to ground, or 
•less than Vcc • 2.0V. Refer to Prinaples of Operation. 



Bus 
Operatton 


Command 


1 Comments 


Standby 


i 


Wait for Vpp Ramp to Vpph(1 ) 
1 Initialize Pulse-Count 




Set-up 
Program 




Wnte 


Program 


Valid Address/Data 


Standby 




Duration of Program 
Operauon (twMWMi) 


Wnte 


Program*^) 
Vehfy 


Data - COH: Stops Program 
Operation 


Standby 




tWHGL 


Read 




Read Byte to Venfy 
Programming 


Standby 




Comoara DatA OutBi/t to natn 

Expected 


Wnte 


Read 


Data « OOH. Resets the 
Register for Read Operations 


Standby 




Wait for Vpp Ramp to Vppt(l) 



2. Program Venfy is only performed after byte program- 
ming. A final read/ compare may be performed (option- 
al) after the register ts written with the Read command. 

3. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper snd reliable operation of the de- 
vice. 



Figure 4. 28F010 Quick-Pulse ProgrammingTM Algorithm 
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(Start A 




\ Ope^ri'on i O"""""*' ! Comment. 



Entire Memory Must = OOH 
Before Erasure 



StanoDy 



: Wnte 



: Write 

I 

StanaDy 

Wnte 

! StandDy 

i 

Read 

StanoDy ! 



Set-up 
Erase 

Erase 



: Erase 
; Verity 



Write 



; Standby 



Read 



Use Quick-Pulse 
Programming Algonthm 
(Figure 4) 

Wait for Vpp Ramp to Vppnl 1 ) 



; (niiialtze Addresses ana 
' Pulse-Count 



Data = 20H 
Data = 20H 



Duration ot Erase Operation 

Addr - BytetoVenfy: 
Data = AOH; Stops Erase 
Operation 

I 

Read Byte to Venty Erasure I 



I 



Compare Output to FFH 
Increment Pulse-Count 



il 



i Data = OOH. Resets the I 
. Register tor Read Operations 

; Wait for Vpp Ramp to VpplM) I 



NOTES: 

1 See O.C. Charactensiics for vaiue of Vppn The Voo 
DOwer suopiy can oe haro-wired to the device or 
swiicnaoie. When Voo is switched. Vpp, may be 
ground, no-connect with a resistor tied to ground or 
ess than Vcc - 2.0V. Refer to Principles of Operation 



Figure 5. 28F010 Quick 
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2. ^rase Venty is performed only after chip-erasure A 
final read/compare may be performed (opuonal) atter 
the register is wnnen with the read command 

3. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 



Erase Algorithm 
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DESIGN CONSIDERATIONS 
Two-Line Output Control 

Plash-memories are often used in larger memory ar- 
rays. Intel provides two read-control inputs to ac- 
commodate multiple memory connections. Two-line 
control provides for: 

a. the lowest possible memory power dissipation 
and. 

r. complete assurance that output bus contention 
will not occur. 

" * 0 efticiently use these two control inputs, an 
aress-aecooer output should drive chip-enabie, 
wniie the system's read signal controls all flash- 
memories and other parallel memories. This assures 
that only enaDied memory devices have active out- 
puts, wniie deselected devices maintain the low 
power standby condition. 



Power Supply Decoupling 

Flash-memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current (Ice) issues — 
standby, active, and transient current peaks pro- 
duced by falling and nsing eoges of chip-enable. The 
capacittve and inductive toads on the device outputs 
aetermine the magnitudes of these peaks. 

Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should nave a 0.1 uf ceramic capacitor 
connected between Vcc Vss. and between Vpp 
and Vss^ 



Place the high-frequency, low-mherent-inductance 
capacitors as close as possible to the devices. Also, 
for every eight devices, a 4.7 electrolytic capaci- 
tor should be placed at the array's power supply 
connection, between Vcc ^SS- bulk capaci- 
tor will overcome voltage slumps caused by pnnted- 
circutt-board trace inductance, and will supply 
Charge to the smaller capacitors as needed. 



Vpp Trace on Printed Circuit Boards 

Programming flash-memories, while they reside in 
the target system, requires that the pnnted circuit 
board designer pay attention to the Vpp power sup- 
ply trace. The Vpp pin supplies the memory cell cur- 
rent for programming. Use similar trace widths and 
layout considerations given the Vcc power bus. Ad- 
equate Vpp supply traces and decoupling will de- 
crease Vpp voltage spikes and overshoots. 



Power Up/Down Sequencing 

The 28F010 is designed to offer protection against 
accidental erasure or programming, caused by spur- 
ious system-^evel signals that may exist duhng pow- 
er transitions. The 28F010 powers-up in its read-only 
state. Also, with its control register architecture, al- 
teration of memory contents only occurs after suc- 
cessful completion of the two-step command se- 
quences. While these precautions are sufficient for 
most applications, it is recommended that Vcc ''©ach 
Its steady-state value before raising Vpp above Vcc 
- 2.0V. In addition, upon powenng-down, Vpp 
should oe betow Vcc * 2.0V, before lowenng Vcc- 
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'Notice: Stresses atsove those listed under 'Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation .of the device at these or any 
other conditions above those indicated in the opera* 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended penods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



ABSOLUTE MAXIMUM RATINGS' 

Operating Temperature 

During Read 0*C to + 70'C(^» 

During Erase/ Program 0*C to -r 70*C 

Temperature Under Bias - lO'C to + 80*C 

Storage Temperature -65*C to -r 125*C 

Voltage on Any Pin with 

Respect to Ground -2.0V to 7 0Vf2) 

Voltage on Pin Ag with 

Respect to Ground -2.0V to • 13.5V(2. 3) 

Vpo Suoply Voltage with 

Respect to Ground 

Ounng Erase/Program .... -2.0V to ^ 14.0V(2. 3) 
Vcc Supply Voltage with 

Respect to Ground -2.0V to -^ 7.0V(2) 

Output Short Circuit Current ioq mA<^> 

NOTES: 

1 . Operating temperature is for commercial product defined by this specification 

^^^n'^oT^ ■ '"^""^ l^r^^^:^ ^^^'"9 transitions, inputs may undershoot to -2.0V for periods less 

3, Maximum D.C. voltage on A9 or Vpp may oversnoot to - 14.0V for periods less than 20 ns 

4. Output shorted for no more than one second. No more than one output shoned at a time. ' 

OPERATING CONDITIONS 



Symbol 


Parameter 




Limits 


Unit 


Comments 






Min 


Max 


'a 


Operating Temperature 


0 


70 


•c 


For Read-Only and 
flead/Wnte Operations 


Vcc 


Vcc Supply Voltage 


4.50 


5.50 j 


V 


1 

. i 



D.C. CHARACTERISTICS— TTL/NMOS COMPATIBLE 



Limits 







1 Min 


\ Max 


i unit 

i 


1 Test Conditions 




Input Leakage Current 


1 1 =1.0 

; i 


1 


: Vcc = Vcc Max 

! V,N - VccorVss 




Output Leakage Current 

1 


i i 
' 1 


mA 


1 Vcc = Vcc Max 

1 VouT = Vcc or Vss 


. 'ccs 


Vcc Standby Current 




1.0 


mA 


Vcc = Vcc Max 
CE = v,H 


- 


Vcc Active Read Current 


! 30 

i 


mA 


Vcc = Vcc Max. CE = v,l 
f = 6 MHz. Iqut = 0 mA j 


' Ices'" 


Vcc Pfogrammmg Current i 


' 30 1 


mA 


Programming in Progress 




Vcc Erase Current j 


1 30 1 


mA 


Erasure in Progress 




Vpo Leakage Current j 


: =10 ' 


^A 


Vpp - MpQi 
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D.C. CHARACTERISTICS— TTL/NMOS COMPATIBLE (Continued) 



Symbol 


Parameter 


Umlts 


Unit 


1 

Test Conditions 

1 


1 Min 


1 Max 




Vpp Read Current 




200 


mA 


Vpp = VppH 








no 




Vop = VopL 


|pp2(2} 


Vpp Programming Current 


j 30 


mA 


Vpp = VppH 

Programming in Progress 


iop3(2) 


Vpp Erase Current 




30 


mA 


Vpp = VppH 

Erasure in Progress 




tnout Low Voltage 


-o.s 


0.8 


V 






Input High Voltage 


2.0 


Vcc - o.s 


V 




Vol 


Output Low Voltage 


j 0.45 


V 


Iql - 5.8 mA 

Vcc - Vcc ^^'0 j 


V0M1 


Output High Voltage 


2.4 




V 


Iqh = -2.5 mA 

Vcc = Vcc l^in ! 


Vio 


Ag mteligent Identiferrw voltage 


11.50 


13.00 


V 




'lO 


A9 mteligent IdentifierTM Current 




500 


mA 


A9 = v,o 


VpoL 


Vpp dunng Read-Only Operations 


0.00 


Vcc 2.0V 


V 


NOTE: Erase/ Program are 
Inhibited when Vpp = VppL 


Vdph 


Vpo dunng Read/Write Operations 


11.40 


12.60 


V 





D.C. CHARACTERISTICS— CMOS COMPATIBLE 



1 Symbol 


Parameter 


Limits 


■ - 
Unit 


Test Conditions 


Min 1 Max 




Input Leakage Current 


1 r 1.0 


hA 


Vcc = Vcc l^ax 
V|N = Vcc or Vss 


: 'lo 


Output Leakage Current 


! =10 


mA 


Vcc = Vcc Max 
Vqut = Vcc or Vss 


1 'ccs 

1 


Vcc Standby Current 


1 100 


mA 


Vcc Vcc Ma^c 
CE = Vcc =0-2V 


i icci<" 


Vcc Active Read Current 


1 30 


mA 


Vcc = Vcc Max. CE = v,l 

f = 6 MHz, louT = 0 mA 




Vcc Programming Current 


; 30 


mA 


Programming in Progress 




Vcc Erase Current 


i 30 


mA 


Erasure m Progress 


! ipps 


Vpp Leakage Current 


i =10 


^A 


Vpp = VppL 
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D.C. CHARACTER ISTICS^MOS COMPATIBLE (Con tinue.) 

Limits 



Symbol 

fppi 



Ipp2 



(2) 



PP3 



(2) 



Ptramtttr 

Vpp Read Current 

Vpp Programming Cun^ent 
Vpp Erase Current 
i Input Low Voltage 



MIn 



Max 

200 



-jUnltj Teat Condltlona 

mA I Vpp - VppH 



n o ! ivpp^vpo, 

30 I mA I Vpp « VppH 



! "0.5 



ViH I Input High Volt age 
Vol I Output Low Voltage 



30 
0.8 



' j Programming in P rogress 
! mA jVpp = VppH 



i V I 



I Erasure in Progress 



0-7 VCC I VCC - 0.5 i V 



IVOHI 



- Output High Voltage 

|V0H2 I 

^10 'Ag intgligent IdentHer^M vpitage 



i 0-85 Vcc 



;V cc - o >» 
11.50 



0.45 



'OL " S.8 mA 
Vcc = Vcc Min 



I V I 'oh = -2.5 mA. Vcc = Vcc Min i 
' 'oh = - 100 uA. Vcc = Vrr Mini 
13.00 i V I 



VpPL j Vpp during Read-Only Operations 


0.00 


Vcc ^ 2.0V 


V 1 NOTE: Erase/ Programs are 
1 Inhibited when Vpp = VppL 



CAPACITANCE(3) = 25-C. f = 1.0 MHz 



Symbol 



Limits 



MIn 



Parameter 

Max 

6 

! 12 

NOTES: 



Cqut 



Address/Control Cap acitance 
Output Caoacitance 



Unit 

pF 
PP 



Conditions 

VfN = ov 

VouT = OV 
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A.C. TESTING INPUT/OUTPUT WAVEFORM 



*0M1 
INPUT 

Vol 



TEST POINTS 



OUTPUT 



TEST POtNTS 



290207-7 



A C. Testing: tnouts are anven at Vqi-h (or a logic "V and Vq^ 'or I 
a logic "C*' Testing measurements are maoe at Vih tor a togic j 
■ '■■ ano V (. (or a togic C" ^ise/?aii nme c tO ns. | 



AX. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



t.3V 



Z 1N914 
^ i.ZK 



O OUT 



= 100 pr 



290207-8 



C(. « too oP 

Ci. mciucMs Jig Caoaounce 



A.C. TEST CONDITIONS 

tnout Rise and Fall Times (10% to 90*"o) 10 ns 

Input Pulse Levels Vql and Vqhi 

inout Tirr.ing Reference Level and Vih 

OutDut Timing Reference Level Vi^ and Vih 



A.C. CHARACTERISTICS— Read-only Operations 



Versions 




28F010-135P1C4 


28F01O-150P1C4 


28F010-200P1C4 




Symbol 


Characteristic 


MIn 


; Max 


Min \ Max 


Min 


1 Max 


Unit 




. Read Cycle Time 


135 




150 j 1 


200 


! 


ns 


^ELQV'ICE 


' Chip Enable 
; Access Time 




135 


1 150 i 

i i 




1 200 


ns 


UvCV^'UcC 


. Address Access 
Time 




135 ' 


: 150 1 




i 200 

1 


ns 


tGLQV'tOE 


- Output Enable 
Access Time 




50 ; 






60 






' Chip Enable to 
Output in Low Z 


0 


! 




0 




ns 


tGLOX'tOLZ 


1 Output Enable to 
Output in Low Z 


0 i 




0 : ! 

i \ 


0 




ns 




Output Disable to 
Output in High Z 


i 

i 
r 


30 


35 

! j 




40 


ns 




Output Hold from 
Address. CE. j 
orOSChangeO) 


0 i 


! 


0 i i 

1 1 


0 




ns 


tWHGL 


Wnte Recovery Time : 
before Read 


6 

1 


i 

■ 1 


6 \ ; 


6 i 




MS 



NOTES: 

* Whicnever occurs tirst. 
2- Rise/ Fall Time < 10 ns. 
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A.C. CHARACTERISTICS— Write/Erase/Program Operatlonsd) 



Versions 




28F010-135P1C4 


28F010-150P1C4 j 28F010.200P1C4 


! . 


1 Symbol 


Characteristic 


MIn 


: Max 


MIn 


' Max 


! MIn 


. unii 

Max 


1 UvAv/twC 


: Write Cycle Time 


135 


1 


150 


1 


! 200 


1 


1 ns 


tAVWL^Us 


" Address Set-Uo Time 


0 


1 ! 


0 


1 


1 0 


1 


1 ns 




Address Hold Time i 


60 


1 t 


60 


! 


75 


i 


1 ns 


*uvwn' *Uo 


Data Sat-uD Timo ! 


50 


i 


SO 


1 


1 50 


1 


! ns 


1 tuukjnv/tnLj 


Data Hold Timp 


10 




10 




1 10 


i 


1 ns 


: ^WHGL 


1 Write Recovery Time ! 
oefore Read 


6 




6 




6 




^GHWU 


. Read Recovery Time 
, oefore Write 


0 




0 


■ i 0 1 

i 1 


MS 1 

i 




Chip Enable ! 
Set-Uo Time before Write i 


20 


t 


20 




; 20 


i 


j ns 

1 


tWHEH^tCH 


ChiD Enable 
' Hold Time ' 


0 








1 0 




ns 


IWlWH^lvVP 


Wnte Pulse Width<2) 


50 




50 i 




60 




I ns 




Alt^rnAfiuP VJntaiZ) ! 

. Pulse Width 


70 


i 


.0 j 




80 




ns 


^WHWL^^WPH 


Write Pulse 
' Width Hign j 


20 


1 20 i 

' i 


20 




ns 


IWHWHI 


Duration of j 
Programming Ooeration 


10 i 


25 : 


10 1 


25 


10 


25 


^s 


tWHWH2 


Duration of j 
Erase Ooeration 


9.5 ; 

i 


10.5 ■ 

1 


9.5 1 

i 


10.5 


9.5 


10.5 


ms 


tvP£L 


Voo Set-Up : 
Time to ChiD Enable Low i 


100 




100 i 

i 


1 
1 


100 




ns 



NOTES 

a 



^ Reaa timing characteristics aunng read/ wnte ooeraitons are :ne same as during read-only operations Refer to A C 
wharacteristics for Reao-Oniy Ooerations. r v « d. oo.w lo 

2. Chio-cnaoie Controlled Wntes: Wnte ooeraiions are driven oy !ne valid combination of Chio-Enable and Write-Enable In 
systems wnere_Chio.cnaoie defines the wnte ouise w.am <wiin,n a longer Wnte-Enaoie timing waveform) all set-up nold and 
inactive wrtte-cnaoie times snouid be measured relative to the Chip-Enable waveform « «. <t u 

3. Rise/ Fall time i 10 ns. 



ERASE AND PROGRAMMING PERFORMANCE 



Parameter 


Limits 




- Unit 


1 Comments 


' MIn Typ 


Max 




• Chip Erase Time 


i 0.5(^) 1 

' ! 


30 


Sec 


Excludes OOH Programming 
Prior to Erasure 


.Chip Program Time 


1 : 


24(2) 


Sec 


Excludes System-Level Overhead 


Erase/Program Cycles(3) 


10.000 1 100.000 1 




' Cycles 





SAN040042 



NOTES: 

1. 25*C. 12.0V Voo. 10.000 Cycles. 

2. Minimum Dyle orogramming time excluding system ovemeao iS 16 usee (10 usee program - 6 usee wnte recovervl 
n7^,TTT " "'"'"^^ ' 25 looos allowed Oy aigon.hm,. Max cn.p proiramm.ng ume ?s sSS^^ower 
_^nan ,ne wors, case ai.owea Oy tne programming aigontnm smce most bytes program significantly falter than "nJorst "rse 

3. Refer to HR.60 -ETOX-- ^lasn Memory Reliability Data Summary" for typical cycling data and failure rate calculations. 
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3 
2 

< 

o 
o 



< 

5 



'ONOmONS: Vpp= I 2.0V NOMINAL 




25 50 75 100 125 



TEMPERATURE (»C) 
— 100.000 REWRITE CYCLES 
1 0.000 REWRnX CYCLES 
^* 1,000 REWRITE CYCLES 
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Figure 7. 28F010 Typical Programming Time vs. Temperature 



o 
z 

3 
3 
< 

o 
o 
ac 
a. 

0. 



< 

o 



20 



10 



CONOmONS: TEMPERATURE = 70«C 



MAXIMUM CHIP PROGRAMMING TIME (2* SEC) 



100.000 

10.000; 
1.000 




n.4v 



12.0V 
NOMINAL 



— — 100.000 REWRITE CYCLES 

10.000 REWRITE CYCLES 

1.000 REWRITE CYCLES 



12.6V 

Vop VOLTAGE 
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Figure 8. 28F010 Typical Programming Time vs. Vpp Voltage 
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< 

X 



G 



CONDITIONS: Vpp = t 2.0V NOMINAL 
EXCLUDES OOH OROCRAyuiNG 




TEMPERATURE (^) 
100.000 REWRITE CYCLES 
10.000 REWRITE CVCLES 
t .000 REWRITE CYCLES 



290207-15 



Figure 9. 28F010 Typical Erase Time vs. Temperature 



a. 
i 



CONDITIONS: TEMPERATURE rooc 
EXCLUDES OOH PROGRAMMING 




100.000 REWRITE CYCLES 
10.000 REWRITE CYCLES 



VOLTAGE 



— 1.000 REWRITE CYCLES 
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Figure 10. 28F010 Typical Erase Time vs. Vpp Voltage 
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28F010 
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o 

X 




X 



-L 



J 





o — - 




2" 



i 



» o o 
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o 
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o 



s 
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Figure 12. A.C. Waveforms for Erase Operations 
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Ordering Information 




DEPROGRAM CYCLES (10*) 

10.000 CYCLES MINIMUM 

■ERASE/PROCfiAM VOLTAGE 
1 = t2.00Vt35: 

ACCESS SPEED (ni) 
I35nt 
iSOnt 
200 nt 



Valid Comoinaiions; 

D28F010-135P1C4 ' 

O28F010-150P1C4 

328r0l0-200PlC4 



N28F010-135P1C4 
N28F010-150P1C4 
N28F010-200P1C4 



ADDITIONAL INFORMATION 

ER.20. "ETOXTM Clash Memory Tecnnoiogy * 

ER.24. "The Intel 28F010 Fiasn Memory 

flR-60. -'STOXTM Fiasn Memory RehaD,l,ty Data Summary- 
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OrcJer Number 
294005 
294006 
293002 
292046 
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Intel 



28F020 

2048K (256K x 8) CMOS FLASH MEMORY 



Flash Electrical Chjp*Erase 

— 2 Second Typical Chip-Erase 

Quick-Pulse Programming™ Algorithm 

— 10 pis Typical Byte-Program 

— 4 Second Chip-Program 

10,000 Erase/Program Cycles Minimum 
12.0V r5% Vpp 

High-Performance Read 

— 150 ns Maximum Access Time 

CMOS Low Pov "if Consumption 

— 30 mA Maximum Active Current 
— 100 uA Maximum Standby Current 



■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

■ Noise Immunity Features 

— z 10% Vcc Tolerance 

— MaxFmum Latch-Up Immunity 
through EPI Processing 

■ ETOXTM.ii Flash-Memory Technology 

— EPROM-Compatible Process Base 

— High-Volume Manufacturing 
Experience 

■ Compatible with JEOEC-Standard Byte- 
Wide EPROM Pinout 

— 32-Pin DIP 

'See PaCRaging Soec. Oroer •23*369i 

Intel's 28F020 CMOS flash memory offers the most cost-effective and reliable alternative for read/wnte 
random access nonvolatile memory. The 28F020 adds etectncal chip-erasure and reprogramming to familiar 
EPROM tecnnoiogy- Memory contents can be rewntten: in a test socket; in a PROM-programmer socket' on. 
board dunng subassembly test: in-system dunng final test: and tn-system after-sale. The 28F020 increases 
memory flexibility, while contnbuting to time- and cost-savings. 

The 28F020 is a 2048-kilobit nonvolatile memory organized as 262. U4 bytes of 8 bits Intel's 28F020 is 
offered in 32-pin cerdip or 32-lead PLCC packages. Pin assignments conform to JEDEC stanaards for bvte- 
w(de EPROMs. 

Extended erase and program cycling capability is designed into Intel s ETOX-ll (EPROM Tunnel Oxide) pro- 
cess technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field com- 
oine to extend reliable cycling beyond that of traditional EEPROMs. With the 1 2.0V Vpp supply the 28F020 
performs a minimum of 10.000 erase and program cycles well within the time limits of the Quick-Pulse Pro- 
gramming'M and Quick-Erase'^ algonthms. 

Intel's 28F020 employs advanced CMOS circuitry for systems requinna nign-oerrormance access speeds low 
•power consumption, and immunity to noise. Its 150 nanosecond access time orovides no-WAIT-siate oerform- 
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 uA trans- 
lates into power savings when the device is deselected. Ftnaity. the mghest aegree of latch-up protection is 
achieved through Intel's unique EPI processing. Prevention of latcn-uo is provioed for stresses up to 100 mA 
on accress and data pins, from - i V to V^c - 1V. 

With inters ETOX-ll process base, the 28F020 levers years of EPROM expenence to yield the highest levels 
of quality, reliability, and cost-effectiveness. 
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S«pl«mb«r 1989 
Ordtr Numi>«r 290245-001 



intel 



1 MRVTc /cio.,^'^28F001 
1 MBYTE (512K x 16) CMOS FLASH SIMM 



I JEDEC Standard 80-Pin insertable 
Module 

— 0.050 Centerline Lead Spacing 

— Upgrade Path through 2 Gbytes 
Hardware Presence Detect 
Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

Noise Immunity Features 

— = 10% Vcc Tolerance 

— Maximum Latch-Up Immunity 
Through EPI Processing 

12.0V =5% Vpp 



■ High-Performance 
— 135 ns Maximum Access Time 
— 14.81 MB/s Read Transfer Rate 

■ 100,000 Rewrite Cycles Typical/ 
Component 

■ Flash Electrical Chip-Erase 

— 1 Second Typical Chip-Erase 

■ 16 us Typical Word Write 
-Up to 1 Mb/s Write Transfer Rate 

■ Power)"* ^°''-^°'^^"'»y Retention 

— No Batteries or Disk Required for 
Back-up 

— 800 uA Maximum Standby Current 

■ ETOXTM Flash-Memory Technology 

— High-Volume Manufacturing 
Experience 

;^=rm .actor an. wagnt tnan d-sK^a eo C^um 'Z^cTa lSlZ\^^^^^^^ OO^erZJZ 
grammaole and emoeddeo applications ThI .?" ^"^"^ disk in many space constrained reoro- 

=:orage as we,, as data accum'uS on rJe'", ?.mm° '''f " ''^h performance code and da°a 

density memory ,n space constrained applca ,ons '^n addJion Z LhT'^h """'^ expandable, higj 
soace savings to tnose .naP.e to taKe -aS^o/rofars^^^^^^^^^^^^^ 
The 1 Mbyte Flasn SIMM, composed ot p.nht i 

organized as 524.288 words of 16 bits S pl^^s are llZ^.o" "^'^'^ '^^"^ "^'^ (N28F010). .s 

Piing capacitors on an 80-pin JEDEC standfr^ , a^f J'Oun'ed. four to a side, together with 0.1 uF decou 
are very s.m.iar to the N28F010 electncal charactenstics of the rnMui 

sSs! '0^0^ c'^m^^^^ — g h,h,e.ormance access 

□enormance for a wide range of microprocessors and m,rr«^^^^^^^^ "O-^AIT state 

translates -nto cower savings wnen the S ° modi s d..^^^^^^^^^^ ''^"'^''^ °' 800 ul 

protection IS achieved through Intel's unijue e?^ process no Prel«nnSn «r "'S'"^' ^^^ree of latchiup 

;o 100 mA on aodress and data pins, from - i v ,o - i v ° ""'"^ "P 
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1.0 INTRODUCTION 

Intel's ETOXTM n fEPROM tunnel oxide) nash mem- 
ory technology uses a singlc-transisior ceil to provide 
in-system reprogrammable nonvolatile storage. Repro- 
grammmg entails eiectncally erasmg all bits m parallel 
and then randomly programmmg any byte m the array. 
This new technology ofTers designers alternatives for 
two of industr\*5 needs: 1) a cosi-cfTectivc means of 
updating program code: and 2) a solid-siate approach 
ror non-volaiile data accumulation or storage. 

This application note: 

• introduces you to the concepts of in-system wntmg: 

• discusses the hardware and oftware considerations 
tor reprogramming flash memones in-system; 

• ofTers a checklist for integrating Intel's nash memo- 
nes into microprocessor- or microcontroller-bascd 
svstems: and 

• shows an example of an 80C186 design which incor- 
porates flash memor>. 



1.1 PROM Programmer vs System- 
Processor Controlled 
Programming 

^Vhile soldered to a pnnied circuit board, one of two 
sources controls flash memory reprogramming: h a 
PRO.M programmer connected to the board, or 2j the 
^vstem s own central processing unit (CPU). These are 
s-'alled on-board programming (OBP). and in-svstem 
truing (iSW). respectivcK. With OBP. the PROM 
Froerammer supplies the programming voltage (Vpp) 
and ihc orogramming intelligence: wit'^h ISW* Vpp ,s 
zcnerated localh and the system itself dnves the repro- 
gramming process. Both methods ofTer a %aneiy of ben- 
cfits. Houe\er this application note focuses on ISW. 



NOTE; 

Sec Appendix A for OPB design considerations. 

1.2 Information Download and Upload 

ETOX II flash memory technology programs extreme- 
ly quick, permitting "on-the-ny" proerammine with 
unbuffered I9.2K baud data input. The remoi*e ISW 
system handles the senal communication imk for the 
host intenace. as well as the tlash memor\ reproeram- 
ming. 

Version Updates (Download) 

Rash memones enable code version updates using sim- 
ple hardware designs. Beyond the basic svstem. a' local 
Vpp supply is all that is needed for remote code down- 
load. 

.A central host computer can download program code 
to many remote systems. Flash memor\ otTers this ca- 
pability without the drawbacks of other 'technologies. It 
IS solid-staie and nonvolatile, thus eliminating mechani- 
cal component wear-out (common with d^sk dnves) 
and the nsk of losing updates (a concern with battery- 
backed RAM). These aspects of flash memor>- ofTer 
major advantages in automated faciones. remote sys- 
tems, ponabic equipment and other applications. Final- 
ly, flash memoiies provide this capabilit\ at a much 
lower cost than byte-alterable EEPROM and baitcrv- 
backed SRAM. 



Data Acquisition (Upload) 

Intel's flash memones allow single-byte programming 
for data accumulation applications. .A remote data-log- 
ger uploads Its information to a central host Ma ^cnli 
link. The flash memory device is then in-system erased 



On-Board Programming 



In-System Writing 




292046-1 



iijimmiLi 



PILE SERVER 



REMOTE SYSTEM 



292046-2 



'uZ memoj; ?h'r.w*J" ' programmer updates a system', 

flash memory. The SW diagram shows a host updating remote flash memory via serial link The 
remote system performs the flash reprogramming with its own CPU. 
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for resumption oi" data acquisition. This is useful in an 
advanced eiectncal power meter, for example. It could 
be configured to track and monitor power usage and 
repon the data to a central computer for billing and 
uiiiiiy management. This reduces the cost of manual 
door-to-door meter reading. 

2.0 DEVICE FEATURES AND ISW 
APPLICATION CONSIDERATIONS 

This ^iectIon gives a brief over\icw of Intel's flash mem- 
ory features and e.xpiams how the> facilitate ISW de- 
>.ign. 



2.1 Flash Memory Pinouts 

The 32-pin DIP memory site is forward<ompaiibie 
from the 256K bit to the 2 Mbit flash memorv density 
It fits into the 27C010 Mbit EPROM pmout and re- 
quires no multiplexed pins. Also, with just a sinale cir- 
cuit-board jumper trace a 28-pin EPROM can be 
placed in the lower pms of the 32-pin flash memot>' 
sue. (Sec Figure 2. Flash Memory Pinouts.) For more 
information on intertechnologv pin compatibility sec 
Ap Bnef AB.25. 



Byte-Wide Flash Memory in 32-Pln DIP 



2M (256K»8) 



_'M0 28K«8) 



S12K (6AK18) 







/ 


256K (J2Kk8) 




\ 


\ 








1 






32 














NC C 


2 


31 


□ W£ 










j*i5 


NC C 


3 


30 


□ NC 






A17 






A12 C 


* 


29 


□ A14 












A7 C 


5 


28 


□ A13 












A6 □ 


6 


27 


□ A8 










— 1— 




^ 32 PIN DIP 


26 


3 A9 












A4 C 


* O.aOO" WIDE 


25 


□ Al 1 












A3 C 


9 TOP VIEW 


24 


□ OE 












A2 C 


10 


23 


3 AID 












C 




22 


□ CE 










-4- 


AO C 


12 


21 


□ 007 










000 c 


13 


20 


□ OO6 










001 c 


M 


19 


□ 005 










D02 c 


15 


18 


□ DOA 












16 


17 


□ D03 
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Figure 2. Flash Memory Pinouts 
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Table 1. Command Register Instructions 



; Bus I First Bus Cycle _j Second Bus Cycle 



Command 


Cycles 
Req'd 


Opera- 
ation 


AddriD 


; Data<2) 

i 


Oper- 
ation 


Addr<n 


Data<2) - 


Read Memory^^i 


1 


Write 


X 


! OOH 


Read 


Valid 


Valid i 


Read mteligent identifier *w 


1 


Write 


X 


90H 


Read 


00/01 H 


ID 


Set-Uo Erase/Erase 


2 


Write 


X 


' 20H 


Write 


X 


20H ; 


Erase Verify 


2 


Write 


EA 


AOH 


Read 


X 


EVD 


' Set-Up Program/ Program 


2 


Write 


X 


40H 


Write 


PA 


PD 


Program Verify 


2 


Write 


X 


COH 


Read 


X 


PVD 


Resett3i 


2 


Write 


X 


PFH 


Write 


X 


FPH 



NOTES: 

1. Aaaresses are latcnea on tne falimg eoge o* tne Wnte-Enaote ouise. 
EA = Adaress of memory location to oe read dunng erase verify. 

^A = Aoaress of memory location to oe read ounng program venfy. 

2. EVO = Data read from location EA dunng erase venfy. 

PO = Data to oe orogrammed at (ocaiion FA. Data is tatcneo on tne rising edge of Wnte-EnaDie. 
PVD = Data read from location PA dunng program venfy. PA is latcned on the Program command. 

3. The second dus cycie must oe followed by the next desireo command register wnie. given the proper delay limes. 



2.2 Command Register Architecture 

Simpitfied Processor Interface 

IntePs s-'ommand register architecture simplifies the 
processor interlace. The command register allows CE\. 
\^*E\. and 0E\ to have standard read/wnie functional- 
ity. All commands such as "Set-up Program" or "Pro- 
gram Venfy" can be wniten with standard system iim- 
tngs. Raising Vpp lo 12V enables the command register 
for memory read/wntc operation, while lowenng Vpp 
below V^^ - :V restores the device to a read only 
memory. 

N^'nting to the register toggles an internal state-ma- 
chine. The state-machine output controls device func- 
tionality. Some commands require one wnte cycle, 
while others require two. The command register itself 
docs not occupy an addressable memory location. The 
register simply stores the command, along wuh address 
and data needed to execute the command. With this 
architecture, the device expects the first wnte cycle to 
be a command and docs not corrupt data at the speci- 
•tled address. Table I contains a list of command regis- 
ter instructions. 

The following sections describe the commands in rela- 
tion to device operation. For more information on the 
command register see the appropnate flash memory 
data sheets, and Section -1.4 "Reprogramming Rou- 
tines". 



Read Memory Command— OOH 

This command allows for normal memory read opera- 
tions with Vpp tunned on. .After wnting the command 
and waiting 6 us, the CPU can read from the memory 
at system speeds. Once placed in the read mode no 
funher action is required on the command register. 

Read int^ligent Identifiers^ Command — 90H 

Most PROM programmers read the device s inipligeni 
Identifier to select the proper programming algonthm. 
On EPROMs. raising to the Vpp level configures 
the device for this purpose. Since this is unacceptable 
m-s>stem. you can read the flash memory int^ligcnt 
Ideniiiler by first writing command *>0H. Follow this 
by reading address 0000 and 0001 H for the manufac- 
turer and device ID. Reset the device with the Read 
-Memory command after you have read the identifier. 

Set-Up Erase/Erase Commands — 20H 

Wnte this command (20H) twice in succession to initi- 
ate erasure. The first wnte cycle sets up the device for 
erasure. The device starts erasing itself on the second 
command's rising edge of Write-Enable. You must stop 
erasure by issuing the Erase Verify command. 

NOTE: 

Prior to erasure, it is necessary to program ail bytes to 
the same level (data = OOH). See the Quick-Erase^!^ 
algorithm for more details. 
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Erase Verify Command — AOH 

HIm 'IT ^' °^ »">y >n par- 

allel. After each erase operation, all bvtes must be ven- 

It^iToH^y Erase v""ft^co" 

mand (AOH) to stop erasure and set-up verification. 

The device latches the address to be venfied on the 

nt?er w "---^ - 'IJ' 

adZ, /rl. T^" ^^""^ ''"^'"8 data at the 
address specified on the previous wnte cycle. 

The fiash memory applies an mteniallv-generated refer- 

^'L'l'*"" byte. Reading OFFH from 

the ttTr '"J" '^t" ""^^^ «hat all bits in 

he byte are erased w„h sufficient margin to Vrr and 
temperature fiuctuattons. ^ 

If the location is erased, then repeat the Erase Verify 
procedure for the next address location. Write the com- 
mand pnor to each byte venfication to latch the brte's 
address. Continue this process for each bvte in the ar- 
ray until a byte does not return OFFH data, or the last 
address is accessed. 

In the case where the data read is not OFFH. perform 
another erase operation. (Refer to Set-up Erase/Erase). 
Continue venfying from the address of the last venfied 
byte. Once you have accessed the last address, erasure 
IS complete and you can proceed to program the device. 
Terminate the erase verify operation bv wnt.ne another 
valid command (e.g.. Program Set-up). 

Set-up Program/Program Commands— 40H 

Wn,c this command (40H) tw.ce in succession to miti- 
ate programming. The first wnte cvcle sets up the de- 
vice tor programming. The device latches address and 
data on the falhng and nsing edges of the second wnte 
cycle, respectively. It also begins programming on the 
nsing edge. Vou stop the programming operation bv 
issuing the Program Verify command. 

Program Verify Command— COH 

Flash memor>- devices program on a byie-by-bvte basis. 
Atter each programming operation, the bvte just pro- 
grammed must be venfied. Write the Program Verify 
cpmmandfCOH) to stop programming and set-up ven- 
'ITT this command on the ris- 

ing edge of Wnte-Enable. The program Verify com- 
mand stages the device for verification of the bvte last 
programmed. No new address mformation is latched. 

The fiash memory applies an intemallv-generated refer- 
ence voltage to the addressed byte. Wait 6 ^s before 
reading the data at the address programmed. Reading 
valid data indicates that the byte programmed success- 

i Lt 1 1 V . 



Command Register Reset FFH 

nash memories reset to the read mode dunng power- 
up. and remain m this mode as long as Vpp ,s less than 
Vcc ^ 2V. If your system leaves Vpp tumed^jn dur- 
ing a system reset, then incorporate a command register 
device reset into the hardware initialization routines 
This IS necessary because the CPU might be controlling 
programming or erasure when the system reset hits 
Reset the Hash memory early in the boot routine to 
minimize potential over-programming or over-erasure. 

Write the reset command (OFFH) twice m succession 
to reset the device. The double wnte is necessar%- be- 
cause of the state-machine reprogrammi ... stnicture 
^or example, suppose the system is reset afler a Set-up 
Program command. The flash memory state machine 
expects the next wnte cycle to contain valid address 
and dau for programming, followed by another write 
cycle for program venfication. The first Reset com- 
mand will be mistaken for program data but will not 
corrupt the existing data. This is because the command 
(data = OFFH) is a null condition for fiash memory 
programming. Only data bits programmed to zero pull 
charge onto the memory cell and change the dau The 
second wnte cycle actually resets the device to the read 
function. Following the second reset cvcle. you can 
wnte the next command (Read. Program' Set-up. Erase 
5et-up. etc.). 

If the Vpp supply IS turned off upon svstem reset, the 
software reset is not required. The Hash memory will 
reset itself automatically when Vpp powers down. 

Data Protection on Power Transitions 

The command regisier architecture ofTers another bene- 
fit in addition to simplified processor interface— during 
system power-up and power-down it protects data from 
corruption by unstable logic. Erasure or programming 
require Vpp to be greater than Vcc ^ 2V and the 
l^'^Lff s"'""" to be initiated. For example 

the CPU must wnte the erase command twice in suc- 
cession. The odds of this occurnng randomlv are slim 
For even greater security, you can switch Vpp as dis- 
cussed in Section 3.13. 



2.3 Vpp Specifications 

Rash memories, like EPROMs. require a 12V external- 
ly-generated power supply for reprogramming. Intel's 
Vpp specifications 12.0V r0.6V (5%) i, compatible 
with most ofr-the-shelf (or available in-system) power 
supplies. (Note. Section 3.1 discusses Vpp generation 
techniques, and Appendix B shows difTerent circuit al- 
ternatives.) 
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1 1 IS essential to use the specified Vpp when reprogram- 
ming the flash memory device. Once the command to 
erase, program, or verify is issued, the device internally 
generates the required voltages from the Vpp supply. 
The command register controls selection of intemaJ ref- 
erence circuitry uppcd off of Vpp. An improper Vpp 
level causes the references to be wrong, degrading the 
performance of the pan. 

(When programming U.V. EPROMs. V^c is raised to 
6.3V. On Hash mcmones. the Vpp reference circuitry 
and command register architecture provide the same 
function while keeping V^^ ^PP static levels. 
An incorrect Vqq level dunng U.V. EPROM program- 
ming poses similar hazards to improper Vpp levels on 
flash memories.) 

The hardware design section discusses vanous methods 
for generating Vpp. 



3.0 HARDWARE DESIGN FOR ISW 

Covered in this section are the following: 

• Descnption of ISW-spccific functional system 
blocks including memory requirements 

• Vpp generation techniques 

• Communication Considerations 



Vpp 

tGCN.I 



ISW I 

I FUASM I 



BOOT 



CPU 



;COUMUM-i 
(CATION I 



■*'^"^^| i POUT 
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Figure 3. System Block Diagram 

System Level Hardware Requirements for ISW; 

• processor or controller 

• limited amount EP/ROM or other flash memor>- 
devices for boot code, communications s/w. and re- 
programmmg algorithms 



• limited amount of RAM for vanable storage (i.e., 
stacks, buffers, and other changing parameters) 

• communications capability 

• flash memory for nonvolatile code or data storage 
needs 

• ^PP generator or regulator 

All of the functional blocks in Figure 3 are typical of 
any embedded or reprogrammable system with the ex- 
ception of the Vpp generator. Some microcontrollers 
have on-chip EP/ROM. RAM and a senal port. With 
these devices, implementation of the ISW capability re- 
quires little additional hardware. 

The next section discusses Vpp generation techniques 
and communications design considerations. 



3.1 Vpp Generation 

A Static Vpp is needed to reprogram flash memones. 
The Vpp voltage can be generated by: 

1) regulating it down from a higher voltage; 

2) pumping It up from a lower voltage (i.e.. charge 
pump, DC/DC convener, etc.): or 

3) designing or specifying the system s 12V supply 
with the required ISW tolerances and specifications. 

Sufficient current for reprogramming should be consid- 
ered when selecting your Vpp generation option. Paral- 
lel reprogramming for flash memor> in 16-bit or 32-bit 
systems will require, respectively. 2X or 4X additional 
current capability. 



3.1.1 REGULATING DOWN FROM HIGHER 
VOLTAGE 

Vpp IS obtained from a higher voltage by using a linear 
regulator Given the higher voltage, regulation offers 
the least expensive method of generating Vpp. Standard 
three terminal 12V r z29c, r4<7c non-adjustabie 
regulators are available ofT-the-shelf. Some regulators 
have on/off control built-in. (See Appendix B. Vpp Cir- 
cuit # 1.) All regulators require a minimum input volt- 
age greater than the output voltage. (Sec Appendix B. 
Vpp Circuit #2 and #3.) 



3,1.2 PUMPING 5V UP TO 12V 

Vpp can be obtained by pumping Vqq and regulating it 
to the proper voltage. A voltage charge-pump can be 
designed and built by using a charge-pump integrated 
circuit and some discrete components (sec Appendix B, 
Vpp Circuit #4 and #5) or by using a monolithic DC/ 
DC converter (see Appendix A. Vpp Circuit *6). 
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V^ hen using adiusubie circuits coniain.no a 

poncn.s. design ,he ou.pu, ^r,..^:::^^:^^ 

^■PP specitications ror ail corners of ,h- 

skew „.e.. Vcc = IOC,: R, ^ i"/ ^'^^e^ components 

elude the resistors' temperature coefricJmc'" "'u ,' 
culation matnx. Note tha, each of .hi 1 " 
nen.s can add error to the Vpp s,p|J;. "'"P^" 

The monolithic DC- DC con\en<*r ch^ 
B Circuit .0 fits mto a T4X"slKe? r T"''' 
ad^anuges of close tempera, u e , h " '",f 

.mplementation. It has also been 'S't'"! '"^ 
pera.ure. and meets all the , ' "'"'^ ^ 

cin^eners " °' ^C, DC 

hlTd^sma^Jion""""' ■O-'^'^' ^mcient. so 

w.r.uiis ^u.h as Appendix B. Grcur o.Ter much 
nigner ifTiciency (70-S5'-c). " 

In all Vp generation methods, a capacitor on the :nput 

'App<^nd.x B. Circuits -3 and 
feetu e t'^.'i"'""""''* ^'P""""^ decrease the Ef- 
or u ihin 0-"''L'""-'^^^'- '''^"^0 ' -FcapaTT 
put (,n addition tne one on the V pp generator s inju.,. 

NOTE: 

vaiu/!nV',K'"'""i- '^^ -he caracitance 

vaiue and the rated working voltage. To lower ,he 
EiR ..,oo.e a capacitor v.„h . u,^, ,apacitance and a 
high wnrKing voltage (i.e.. above lOOV, 

3.1.3 ABSOLUTE DATA PROTECTION- 
Vpp ON/OFF CONTROL 

vv.th V pp nelov. \ cc - :v. internal circu.trv disables 
■ ne ..rTrmanc regis,-: and eiimmaies rhe pcssibiiitv of 
^...u^c.-.-p.i cra^urc ur programming. Sv^iichine the 

proved pnvierand thermal management. 
There a.-e :wo v.ay. i. switch \ pp on and off 
i > direct.'y su.ich (he V pp generator's output, or 
"' •"'ui^ '"PP'>'"8 reeulation^ 



resistance across the switch: R = v/f = 
.0.1. \ i.-f.-O mA) = i Ohms. See Figure 4 Examni, 
Voltage Drop Across Switch ' ^"'^ 



An> witching circuit w,l|- cause a voltaee drop, so 

"unn 1 "'""^ '"•"'I- Some power 

>urp^,es_ nave- asymmetrical tolerances on i:V ne 

ir^/' ■ 't's '2V supply ,0 

dron as lO* as -*<^ Th^ ic- j;fr. L • 

■ , , . ■ '"^ ' <^ dmerence between the 

•-av' an'iv? -^i h o 

na . u ^°l'age droD of 0.12V. Cont.nu- 

m7' ne' """^ '"^ ^^^'^ -'V 

. ams 0 „a^n tnemory a. a time. The current throueh 

-„.n :nto t.he ,pp = ;o mA. Solving for 



9 '2v-«s 



SWITCH Rqj (CM) s 4Q 




1 1. 52V 



Vpp = (t2v-«r.) - (J0m*)(4a) 
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Figure 4 

Controlling the input voluge of a DC/DC convenor 
w..h a .MOSPOWER FET is a straightforward aj- 
proacn, (See Appendix B. Circuit #6.) Choose the FET 
'.witch caretuliy. I, should have a verv low on rS 
ance to m-nimize the voltage divider efTect of the con- 
vener and FET switch. If the voltage across the FET 
switch IS too high, the convener will „ot have the prop- 
er input voltage to meet its specifications. Always de^ 
Mgn the switching circuit with sufficient margin to 
maximum \ pp and Vcc load cunents. 

3.1.4 WRITES AND READS DURING Vpp 
TRANSITIONS ^ 

fJaTh^mem^r?' ^"'^ ^^^^ '"e 

\ 7 capacitors on 

omr^^ ^° 'he Read Memory 

aT^^J f °'u'° '""'"8 ^ PP-OFF instn.ct.om 
Alternatively the device resets automaticallv to read 
mode wnen V pp drops below V^c - 2V ' 

^uT- '''^Vr^ '"""'^ command register. You 
must wait 100 ns after Vpp achieves its steady sta,^ 

botn the power supply slew rate and the capacitive load 

on cne v pp bus. 

3.1.5 OTHER Vpp CONSIDERATIONS SAN040057 

The Vpp p,n ,s an viOS input which can be damaged 

an e ?.'rn°,?"' ^BP applications, 

an external power source supplies Vpp and then is re- 
moved. Electrostatic charge can build up on the Hoat- 
mg > pp pin. ou can solve this problem by one of two 
means: I ) tie the pm to V^c through a diode and pull- 

i F.J. °K '5-":* °' » '0 ground 

Figure 5b,. ^ ith either approach use a 10 KH resistor 
to minimize \ pp power consumption. 
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Vpp Wno" 



C — R a 10W1 



oVpp 
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a. Vpp Tied to Vcc for OBP 

vpp Pino > » OVpp 
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b. Vpp Tied to Ground 



Figure 5 

NOTE: 

Typically EPROMs require Vpp to be within one di- 
ode drop of ^QQ for optimal standby power consump- 
tion. Either approach can be used with the flash mem- 
ory. 

ISW applications do not require this ESD protection as 
most regulators and charge pumps contain a voltage 
divider on the output stage. A divider provides a resis- 
tive path to ground even with the supply turned off. 
(Note: check the schematics of the Vpp supply chosen.) 
However, if you directly switch the Vpp supply, add 
the resistor to ground: the switch isolates the Vpp pin 
and allows charge to build up. 

3.1.6 Vpp CIRCUITRY AND TRACE LAYOUT 

You should lay out Vpp circuitry and traces for high 
frequency operation smcc programming power charac- 
tenstics exhibit an AC current component. Use the fol- 
lowing standard power supply design rules: 

• Keep leads as short as possible and use a single 
ground point or ground plane (a ground plane ehmi- 
natcs problems). 

• Locate the resistor network (or a regulator) as close 
as possible to the adjustment pin to minimize noise 
pick-up in the feedback loop. The resistor divider 
network should aJso be as short as possible to mini- 
mize line loss. 

• Keep all high current loops to a minimum length 
using copper connections that are as wide as possi- 
ble. (This will decrease the inductive impedance 
which otherwise causes noise spikes.) 

• Place the voltage regulator as close to the flash 
memory as practical to avoid an output ground 

.loop. Excessive lead length results in an error volt- 
age across the distributed line resistance. 

• Separate the input capacitor return from the regula- 
tor load return line. This eliminates an input ground 
loop, which could result in excessive output ripple. 



3.2 Communications— Getting Data to 
and from the Flash Memory 

The flash memory docs not care about the origin of the 
data to be programmed. The data could be downloaded 
from a serial link, parallel link, disk drive, or generated 
locally as in data accumulation applications. 

While most systems communicate via serial link, send- 
ing a font to a pnnter's flash memory is an example of a 
parallel interface. In either format, designers must de- 
cide whether or not to buffer the incoming data. Error- 
free serial protocols will require buffenng for recon- 
struction of information packets. With equal capacity 
of Ram ar flash memory in a system, the download 
time would only be limited by the speed of the commu- 
nication hnk. 

Both worst case and typical analysis must be done for 
real time download and un-bufTered programming. The 
maximum transmission rate is 19.2K baud assuming 
wont case programming times. The time between char- 
acters at 19.2K baud is 520 >is: the worst case byte 
programming time ts approximately 0.5 ms (including 
software overhead). Typical byte programming takes 
16 ^s which allows for much higher unbuffered trans- 
mission rates. However, a single byte can take up to the 
full 400 ^s specified time (plus software overhead), so 
you should not base transmission rate on typical pro- 
gramming times. 

Panial buffering or FIFO schemes can also be imple- 
mented to increase transmission rates. An argument for 
buffenng is reduction of interconnect time and costs. 



4.0 SOFTWARE DESIGN FOR ISW 

Covered in this section are the following software re- 
quirements: 

• system integration of ISW 

• reprogramming considerations for single- and multi- 
ple-flash memory based designs. 



4.1 System Integration — Boot Code 
Requirements 

Boot code in remote systems should contain various 
ISW-speciflc procedures in addition to standard initiali* 
zation and diagnostic routines. 

The most dependable boot code for remote version up- 
dates contains some basic communications capability 
and the ISW reprogramming algonthms. Thus, t dau- 
link disruption while reprogramming would be recover- 
able. For manufacturing flexibility, this boot memory 
could be an OBP 236K flash memory. 
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I. 



Bootstrap, and r«ct flash memor>': 

Check "HOST^INT- and ^VaLID aP" 
flags: 

If HOST_INT is inactive and VALID \P 
= 4150H, jump to application sian address: 

r K^^!?^^f^^'''°"' ^nd watt 

for host (the link probably went down dunng 
update); 

When •'HOST.INT" 
host interaction code. 
(Sec next section.) 



boot: 



's active, vector to 




nemocRAM. 



BEGIN UAW 
AWJCATION 
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Pigure 6. Example of ISW Integration to the Boot Sequence 



An alternative to stonng these routines in a separate 
boot device ,s stonng them ,n the flash memory- con- 
taming the program code. Pnor to erasure, the CPU 
would transfer the ISW routines to svstem fL\M and 
execute rrom there. This type of approach is suitable for 
systems with back-up power supplies. 

The communication link could be disrupted dunne re- 
programming, leaving the device m an unknown comlg- 
uration. Therefore, the boot code should reset the flash 
memory and check two ISW Hags. The following sec- 
tion discusses the flag check concept. 

4.1.1 ISW FLAG CHECK 

After resetting the flash memones and initializing other 
^vstcm components, the CPU should check the com- 
Tiun|caiions link for a host interrupt. We will call this 
^he HOST^INT flag. Had the communication link 
gone down pnor to completion of downloading, then 
the host would have to re-establish contact to complete 
the task. ^ 

Assuming no HOST_INT request has been made, the 
boot protocol then checks a data sequence in the flash 
memory signifying a valid application (VALID^AP) 
^ ou program this sequence into the memorv array after 
confirmation of a successful download. If a download is 
mternipted midway through erasure or programming. 

'^'n^y ^" ""^ ^y«cni bootstrap 

the CPL recognizes this and holds up system boot until 
valid code IS programmed. In Figure 6 an example flag 
orotocoi uses the VALID_AP sequence of 4I30H 
' .ASCII codes for "AP"). 

4,2 Communication Protocols and 
Flash Memory ISW 

The remote download communications protocol must 
guarantee accurate transmission of flash memory m- 



struciions and program code. This protocol can be as 
simple as a read-back technique or as complex as an 
error.free transmission protocol. (Sec Figure 7 for pos- 
sible system-level flash memory instructions.) 

Asimple read-back technique optimizes download for 
boot code memory needs and case of implementation 
The embedded CPU echoes the flash memorv msiruc- 
iion (I.C., Erase or Program) to the host, and waits for a 
confirmaiion pnor to execution. After programming 
the update, the remote system checks the update bv 
transmiiimg it back to the host for confirmation. The 
remote system then programs the VALID_AP se- 
quence. .Note that programming and reading back 
^ Kbytes at 19.2K baud takes about 0.57 minutes per 
direction: ^ 

(65.536 bytes) • (10 bits/byte) • (i sec/ 1 9.2 Kbits) ' 
(1 min/60 sec) = 0.57 minutes. 

Implementing cither software- or hard ware- based er- 
ror-free communications protocol improves transmis- 
sion efTiciency. It elimmaies the possibility of errant 
data being programmed if not buffered and checked 
and optimizes the download process for transmission 
time. Additionally, file compression and decompression 
routines can improve the transmission rate. 



G«n«r«i ISW inttmcttona incJud*: 
STATUS CHECK 
INITIATE REPROGRAMMIIkKS 

MOVE ISW ROUTINES FROM FLASH MEMORY TO RAM 
(If not r»sid«nt In Mparat* boot m«mory) 
0»u •ccumuiition-.pociflc eommanos inciutf*- 
RETRIEVE DATA * 
ERASE FLASH MEMORV 



Figure 7. Sample System-Level 
ISW Instruction Set 
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Status Check 

The hosr should request a status update from the re- 
mote system pnor to sendmg a reprogramming instruc- 
tion. Dependmg on the response, the host may break 
the link and reconnect later, or it may send an erasure 
or data-upload command. This type of handshaking is 
necessary when system downtime for reprogramming 
might not be acceptable. An example of this is an auto- 
mated factory where robots handle caustic chemicals. 

4.3 Data Accumulation Software 
Techniques 

Data can be accumulated in a remote environment with 
flash memory and then uploaded to a host computer for 
manipulation. You can adapt vanous standard data- 
logging techniques for use with flash memory. With 
any technique, you determine the next available memo- 
r> location bv readmg for erased data (OFFH). This 
address would only be located once on system booi- 
>irap and then recalled from RAM and incremented as 
needed. 

Given a repealing data string of known length and 
composition, program stan and stop codes at either end 
of the stnng. Do not pick OOH or OFFH data for these 
jodti because they are used dunng erasure. The stan 
and stop codes enable the CPU to d'ifferentiate between 
available memory for loeaine and logged data equal to 
OOH or OFFH. 

For non-regular data input, you can address this same 
i^sje by programming the logged data followed by the 
variable identifier. Again, do not pick OOH or OFFH 
daia for the variable identifiers. 

^'tth any technique, the host computer separates and 
manipulates the data after the uploading operation. 

4.4 Reprogramming Routines 

Intel s ETOX flash memones provide a cost-eiTective 
undatable, non-volatile code storage medium. The reii- 
aoiliiy and operation of the device is based on the use of 
specified erasure and programmmg algonthms. 

Intel offers reprogramming software drivers to make it 
easy for you to design and implement flash memory 
applications. The software is designed around the CPU- 
falmiiy architectures and requires minimal modification 
to define your system parameters. For example, you 
supply the memory width (8-bit, 16-bii. or 32-bit). svs- 
tcm timing, and a subrouimc for control of Vpp. 

NOTE: 

Contact your nearest sales office for details. 

SAN040060 
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If you prefer to implement the algonthms yourself, they 
are outlined in the device data sheets. Coinmand regis- 
ter instructions required for the various operations are 
included m the data sheet flow charts. 

The following sections describe both single-device and 
multiple-device parallel reprogramming implementa- 
tions. 



4.4.1 Quick*EraseTM Algorithm 

Flash memories chip-erase ail bits m the array m paral- 
lel. The erase time depends on the Vpp voltage level 
(11.4V- 12.6V). temperature, and number of erase/ 
wnic cycles on the part 'see the device data sheets for 
specific parametric influences on reprogramming times. 

Sot€ that prior to erasing a flash memory device the 
processor must program all locations to OOH, This equal- 
izes the charge on all memory ceib insuring uniform and 
reliable erasure. 



Algorithm Timing Delays 

The Quick-Erase algorithm has three different time de- 
lays: 

1) The first is an assumed delay when Vpp fint turns 
on. The capacitors on the Vpp bus cause an RC 
ramp. After switching on Vpp, the delay required is 
proponional to the number of flash memory devices 
times 0.1 MF/device. Vpp must reach its final value 
100 ns before the CPU wnies to the command regis- 
ter. Systems that hardwire Vpp to the device can 
eliminate this delay. 

2) The second delay is the "Time Out TEW" function, 
where TEW is the erase timing width. The function 
occurs after wntihg the erase command (the second 
time) and before wnting the erase-verify command. 
The erasc-vcnfy command internally stops erasure. 
To insure proper device operation, the CPU must 
issue this command, or the device will continue to 
erase until the memory cells are driven into deple- 
tion. Should this happen the internal decode circuit- 
ry will no longer select unique addresses. A symp- 
tom of this condition (over-erasure) is an error when 
the CPU attempts to program the next time. One 
can occasionally recover over-erased devices by pro- 
gramming all addresses with data = OOH. 

TEW for ETOX 11 flash memories is 10 ms 
- 500 ^s. This delay can be either software or 
hardware controlled. Either way. the timing toler- 
ance allows for interrupi-dnven timeout routines. It 
IS the responsibility of the designer to insure a high 
interrupt-prionty to the timer such that response la- 
tency is within 500 ^s allowed for TEW. 

3) The third delay in the erase algorithm is a 6 ^s time 
out between writing the erase venfy command and 
reading for OFFH. Dunng this delay, the internal 
voltages of the memory array arc changing from the 



inter 



erase levels to the vcnfy levels. A read attempt pnor 
to waiting 6 us will give false data— it will appear 
that the chip does not erase. Repeatedly trying to 
erase venfy the device without waiting 6 us will 
cause over-erasure. This delay is shon enough that 
it IS best handled with software timing. 

High Performance Parallel Device Erasure 

In applications conuining more than one flash memo- 
ry, you can erase each device serially or you can reduce 
total erase time by implementing a parallel erase algo- 
nthm. ' You save time by erasing all devices at the same 
time. However, since flash memones may erase at dif- 
ferent rates, you must venfy each device separately. 
This can be done in a word-wise fashion with the com- 
mand register Reset command and a special masking 
algonthm. 

Take for example the case of two-device (parallel) era- 
sure. The CPU first wntes the data word erase com- 
mand 2020h twice in succession. This sians erasure. 
After 10 ms. the CPU wntes the data word venfy com- 
mand .AO.AOh to stop erasure and setup erase ventlca- 



tion. If both bytes are erased at the given address, then 
the CPU mcrements the address (by^2) and then wntes 
the venfy command AOAOh again. If neither byte is 
erased, then the CPU issues the erase sequence again 
without incrementing the address. 

Suppose at the given address only the low byte verifies 
FFh data? CouJd the whole chip be erased? The answer 
is yes. Rather than check the rest of the low byte ad- 
dresses independently of the high byte, simply use the 
reset command to mask the low byte from erasure and 
erase veritlcaiion on the next erase loop In this exam- 
pie the erase command would be 20FFh and the venfy 
command would be .AOFFh. Once the high byte vcnfies 
at that address, r^e CPU modifies the command back 
to the default 20*0h and AOAOh. increments the ad- 
dress by 2. and writes the verify command to the next 
address. 

Sec Figure 8- for a conceptual view of the parallel erase 
flow Chan and Appendix D for the detailed version. 
These flow charts are for 16-bit systems and can be 
expanded for 32-bit designs. 



RAISE Vpp 
PROCRAy ALL DEVICES tq OOh 
RESET ALL VARIABLES 

ISSUE ERASE COMUANO 

TIME OUT I 

— vERinr coyuANO 

BOTH DEVICES ERASED -2— MASK* \ 
^•-OR LO-arTE 
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igure 8. High Pertormance Parallel Erasure (Conceptual Overview) 
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4.4.2 Quick-Pulse ProgrammingTM Algorithm 

Flash memones program with a modified version of the 
Ouick-Pulse Programmmg aigonihm used for U.V. 
EPROMs. It IS an optimized closed-loop flow consist- 
mg of 10 as program pulses followed by byte verifica- 
tion. Mosi bytes venfy after the first pulse, although 
some may require more passes through the pulse/ verify 
loop. As with U.V. EPROMs. this algonthm guaran- 
tees a minimum of ten years data retention. Sec the 
device data sheets for more details on the programmmg 
aieonthm. 



Algorithm Timing Delays 

The Ouick-Pulse Programming algorithm has three dif- 
ferent time delays: 

• The first and third — Vpp set-up and verify sei-up 
delays— are the same as discussed m the erasure sec- 
tion. In this case the third delay is for the transition 
betv^een writing the Program Venfy command and 
rcadine for valid data. 



• The second delay 4s the 'Time Out 10 rs" function, 
which occurs after wniing the data and before wni- 
mg the program-verify command. This wnte com- 
mand internally stops programming. It is essential 
to issue the command, or the device will continue to 
program until told to stop. The section entitled 
*Tulsc Width Timing Techniques" gives 86-family 
assembly code for generating a 10 ^s timer routine. 

High Performance Parallel Device Programming 

Software for word- or double-word programming can 
be wniten in two different manners. The first method 
offers simplicity of design and minimizes software over- 
head by using a byte programming routine on each de- 
vice independently. Here you increment the address by 
2 or 4 when addressing I of 2 or 4 devices, respectively. 
The second method offers higher performance by pro- 
gramming the word or double-word data in parallel. 
This method manipulates the command register in- 
stnictions for independent byte control. See Figure 9 
for conceptual 2-device parallel programmmg flow 
chart and Appendix E for the detailed version. 
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Figure 9. Parallel Programming Flow Chart (Conceptual Overview) 
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NOTE: 

^'ord or doubie-word programming assumes 2 or -t 
«vbit flash mcmor\' devices. 

ParaJIei Programming Algonihm Summary: 

• Decreases programmmg time by programming 2 
Hash memones (\e bits) m parallel. The algonthm 
can be expanded for 32-bit systems. 

• Eiiminates tracking of high/low byte addresses and 
respective number of program pulses by directing 
the CPU to wnte data-words (16-bit) to the com- 
mand register. 

• Mamtains word wnte and word read operations. 
Shr-id a byte on one device program pnor to a bvtc 
on me other, the CPU contmues to wnte word-corn- 
manas to both devices. However, it deselects the 
venned byte with software commands. An alterna- 
tive is to independently program high and low bvtes 
using hardware select capability. 

4.4.3 Pulse Width Timing Techniques 

Software or hardware methods can be used to generate 
the timing required for erasure and programming. With 
cither method you should use an m-circuit ernulator 
nCETM) and an oscilloscope to verify proper timing. 
Also remove the flash memor>* device from the svstem 
dunnz ini:i«l aigonthm testing. Incorrect timing can 
not only shorten the flash memory's life, but it can also 
arTect system operation and reliability. 

Software Methods and Examples 

Software loops are easily constructed' using a number of 
iccnntques. Timing loops need to be done in assemblv 
une-uaee so :h3i the number of clock cvcies can be 
obtained from the instructions. 

In order to calculate a delay loop three thines are need- 

h processor clock speed. 
2) .lock cycles per instruction, and 
» the duration of the delay loop. 



As an example, the 80CI86 divides the mput clock bv 
2 NVifh a 20 MHz input clock the processor's internal 
clock runs at 10 .MHz. This translates to a 100 ns cycle 
time. Delays can be made by loading the CX register 
with a count and using the LOOP instruction " The 
LOOP instruction takes 16 clock cvcies ro execute per 
pass. It decrements the CX register on each pass and 
jumps to the spccirled operand until CX equals zero. 

When wnting a delay loop consider all instructions be- 
tween the Stan and end of the delav. If a macro is 
wntten that delays 10 ms. add the clock cvcies for all 
instructions m the macro. 

Here is an e.xample of a 10 us delay and the calculation 
of the constant required for a 10 MHz SOC136. 



WAIT_I0 ^s: 
push cs 

mov cx.DELAY 
loop S 

pop CX 



:10 clock cycles 
A clock cycles 
;see looping time 
:10 clock cvcies 



looping time = ( I5*(DELAV- 1] -r 5) clock 
cycles 

* (dO^s/cycletime) - 24)/loopine 

time = 6 



Hardware Methods 

Using an Internal Timer — 



Many microcontrollers and some microprocessors have 
on-chip timers. At higher input clock speeds these in- 
temal timers have a resolution of 1 as or better. The 
timers are loaded with a count and then enabled The 
timer sians counting and when it reaches the terminal 
count a bit IS set. The CPU executes a oolIm2 aigonthm 
that checks the timer status. Altemativelv. a'timer-con- 
trolled interrupt can be used. After the timer has been 
set and the interrupt enabled, the CPU can be pro- 
grammed to wait in idle mode or it could continue exe- 
cuting until the timed interrupt. 
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One thing to take mio account when using interrupts is 
the lime required for the CPU to recognize and inter- 
rupt request (interrupt latency). This is imponant when 
figunng the timer value, because the time seen by the 
pan will be the programmed delay plus the minmum 
mierrupi latency time. 

The 80CI86 has three 16-bit timers on-chip. Timer ^^^2 
can be a prescaler for the other two timers, which ex- 
tends timers ^0 and #1 range out to 2'32. By using 
two timers. 10 ^s pulses and 10 ms pulses can be easily 
achieved. 

Using an Exiemai Timer — 

External timers can take many forms. One popular ex- 
ample is the 82C54 (CHMOS Programmable Interval 
Timer) which has three 16-bit timers on-chip. One tim- 
er can be used as a prescaler for the others so that a 
count of 2*32 can be achieved as with the 80CIS6 inter- 
nal timers. 



5.0 SYSTEM DESIGN EXAMPLE: 
AN 80C186 DESIGN 

A general purpose controller and/or data acquisition 
system was built to demonstrate 86-based ISW. The 
80C 1 86 CPU dnves the system, which contains 
16 Kbytes of EPROM (two 27C64*s), 64 Kbytes of 
Hash memorv- (two 2SF256's). 04 Kbytes of SRAM 
(two 32K X 8*s) three 3-bii pons (82C55A). one serial 
pon (82510). and a 5V to 12.0V DC/DC convener. 
Th ree T4HC573*s demultiplex the address/data bus 
and latch the byte high enable line (BHE) and the 
status lines (if needed). Two data transceivers 
f74HC245) simulate the worst case data path for a sys- 
tem requiring added dnve capability. If the transceivers 
arc not needed they can be replaced with wired headers. 
Sec Appendix F for detailed schematics parts list, and 
changes for the 28F512 or 28F010. 

The 80C186 reset (output) drives the reset input on the 
82510. S2C55A. and the 0E\ inputs on the address 
latches and data transceivers. The reset line goes inac- 
tive 5 clock cycles before the first code fetch. Also, the 
CPU's wnte signal is split into byic-wnie-high and 
byte-wnte-low to allow for byte or word wntcs.' 

The S0C136 has on-chip memory and penpheral chip 
selects. Two of the memory chip selects are dedicated. 
One IS the Upper Chip Select (UCS. dedicated for the 
boot area) and the second is the Lower Chip Select 
(LCS. for the interrupt vector table area). See the mem- 
ory map in Figure 10. 



Soot 



JCS 



MCSO 



lCS 



Aponcation 



RAM 



inihaiiie H/W. Comm. 
flasn memory siqo S. 9tc. 

FCOOOH 



Version uooat* cod«. 
Oau Accumulation storage, 
etc 



40000H 

Vector :aoie. Stack, 
3utters. etc. 
0000 



Figure 10. 80C186 Memory Map 

The permanent code was placed in an EPROM in the 
UCS memory segment: this code includes routines for 
hardware initialization, communications, data upload- 
ing and downloading, erasure and programming algo- 
nthms. I/O drivers, ASCII to binary conversion tables, 
etc. This would be useful for systems reconfigured for 
difTcrcnt communication protocols as the last step prior 
to shipment. 

Code and constants that might change are placed in the 
64 Kbytes of flash memory. Application examples in- 
clude operating systems, code for rapidly advancing 
biomedical technologies such as blood test software, en- 
gmc-control code and parameters, character fonts for 
pnnters. postage rates, etc. The RAM is used for the 
interrupt table, stack, variable data storage, and buff- 
ers. 

The three 8-bit pons on the 82C55A peripheral con- 
troller can be used for control and/or data acquisition. 
It powers-up with all port pins high. Similarly, all pon 
pins go high after warm resets as well. Because the pins 
are high after a power- up/ reset, an open collector in- 
venor was used to control the MOSPOWER switch 
which in turn controls Vpp. You must drive the FET 
switch to one rail or the other to guarantee its low on- 
resistance. Vpp is turned off dunng power-up or reset 
as a hardware wnte protection solution. The DC/DC 
convener supplies Vpp. 

The 82510 is a fiexible single channel CHMOS UART 
offenng high integration. The device ofT-loads the sys- 
tem and CPU of many tasks associated with asynchro- 
nous senal communications. 
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The pan can be used as a basic senai port for the host 
scnaJ hnk. or can be configured to suppon high speed 
modem applications. For more mformacioD on the 
825 10 see the 825 10 data sheet and AP-tOI "Designing 
with the 82510 Asynchronous ScriaJ Controller". 

Software was written to download code and data pa- 
rameters (code updates* from a PC to the demo board 
through the PC's COMl pon (senai pon). The system 
aiso can upload data (remote data acquisition) to the 
PC via the same link. 

Once the download code and data has been pro- 
grammed It can not be lost, even if power should faih 
This is because Intel's ETOX flash nemory technology 
ts based on EPROM technology and does not need 
power to retain data. . 

The end result: rugged, solid state, low power nonvola- 
tile storage. 



6,0 SUMMARY 

Intel's Hash memones ofTer designers cost-effective al- 
ternatives for remote version updates or for reliable 
data accumulation in the field or facior>-. Designers will 
also benefit from time savings in any kind of code de- 
velopment — no 15 mmute waits for L'.V. EPROM era- 
sure. 

This application note covers the basics of in-system 
wnting to flash memories and can be used as a check 
list for systems other than the 80C186 design shown. 
The basic concepts remain the same: a CPU controls 
the reprogrammmg operations: a 12V supply must be 
applied to the flash memor\- for erasure and program- 
ming: and a communications link connects the host to 
the remote system and supplies the code to be pro- 
grammed. 
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APPENDIX A 
ON-BOARD PROGRAMMING DESIGN 
CONSIDERATIONS 
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INTRODUCTION 

On-board programming! lOBP) u.ith Inters fl h 
memor\- provides designers with cost reducfon can hi 
mes for alterable code storage designs. When used in 
conjunction with on-board programming, flash memo- 
r> presents opponunities for savinas m two areas- 
greater testability in the factory, which translates to 
improved outgoing quality and reduced return rat<. and 
quicker, more reliable field updates, which transiai« to 
decreased product suppon cost. ansiates to 



This appendix: 

• outlines the design considerations associated with 
on-board programming, and the improvements af- 
forded by Intel's (lash memory; 

• ofTers guidelines for convening current 64K 
EPRO.M OBP designs: 

• designs an 8.bit system for on-board programming; 

• suggests some 16-bit flash design considerations 
and OfTers information on OBP equipment and ven- 
dors. 

•a,ner:nrn SeTno rnisc^e^e'croo"'""^ " """^ °^ apoHcation board 

:r. J V E.°ROM OBP usage. '° "'°°'at,ons s.nce 1981. See .cdeoar.on foliow.ng pages for more .ntormatlon 
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to^LcIt'' v^;?tl MEMORY-DESIGNED 
TO MEET YOUR OBP NEEDS 

Inrel -; tlash memory simplifies OBP code uodates bv 
■iisnng designers the .-ommand reeister architecture 
A> descnoed ,n section IZ. this architecture otlers the 
ull reliability of EPRO.M ofT-board proeramming 
■*itnouf the hassles of elevating Vf-Q. 



5 Volt Vec Erasure and Programming 
Verification 

Unlike EPRO.M OBP. flash memorN enables Vcc to 
remain at 5.0V throughout all operations. Internal cir- 
cuity denves the erasure and programmine verification 
levels from the voltage on Vpp rather than from Vcc 
These verify modes enable use of a single Vcc bus for 
the entire board, as opposed to the two buses needed for 
EPROM OBP. (See sidebar entitled EPROM 



EPROM OBP 
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REPLACING CURRENT EPROM OBP 
DESIGNS WITH FLASH MEMORY 

Hardware Considerations 

A slight hardware modification is required to adapt 
most of the current EPROM OBP designs for use with 
Intel's flash memory. Simply convert the EPROM 
memor>- sues from 28 to 32 pins. All other board-de- 
Mgn cineria used for EPROM OBP apply to flash 
Tiemory as well. (For discussions of these cnteria see 
•--'tion entitled New OBP Designs). 

..tn dard EPROM OBP reauires the board designer to 
PGM to the edge conr..c:or. With tiash mcmones* 
on^.mand register architecture, this same trace enables 
-*ie:incal erasure and pr ogram ming, only now t he li ne 
called Wnte Enable (WE). The timing for W*E i$ 
Mmnar lo that of read accesses, although that is han- 
dled Ma software changes. 

.Another potential hardware change li on the board 
programmer side of the design-ihe Vpp supply. Many 
EPROMs program with 12.5- 13.0V Vpp supplies. In- 
tel's ETOX II flash memor>- requires ll.'^-12.6V Vpp. 
This change should not be an issue since the Vpp sup- 
ply on many board programmers is programmable. 

Mixed memory systems containing both conventional 
L A* EPROM and flash memories require special con- 
Mdcraiion. This type of memory design requires separa- 
tion of the Chip Enable (CE) control lines between the 
EPROM and flash devices to allow for independent re- 



programming control and access. The PGM and WE 
lines can be common if the board programmer can eive 
the appropnate timings to either type of device. 

Software Considerations 

Manufacturers who program EPROMs on-board today 
will need new board-programmer software to take ad- 
vantage of flash memory s feature set. specifically soft- 
ware for the Quick-Erase TTM and Quick-Pulse Program- 
mmgTM algomhms. 

Benefits of Converting Your EPROM OBP 
Design to Flash 

The most pressmg reason to conven fro.m a standard 
EPROM to flash memor>- is the total cost savings. To 
appreciate this, you must consider your way of doing 
busmess at the board and system levels — from the fac- 
tor)' to installation and repair in the field. In the facto- 
r>. boards can be tested with a diagnostics program in 
the flash memory and then erased and reconfigured for 
shipment in the same step. Improved testing will de- 
crease the probability of field failures and costly cus- 
tomer returns. Simplified test and rework methods *wi|j 
decrease your inventory holding costs. Also, if in the 
process of converting to flash memory* you include the 
ability to OBP via a cable-connector, service calls for 
code updates will be quicker, more reliable, and cost 
less money. Your serviceman would simply connect the 
programming equipment to the system without disman- 
tling u to remove the EPROMs. (Sec section entitled 
The System/Board-Programmer H/W Connection for 
details.) 



EPROM OBP (cont'd) 

With OBP. the EPROM board-programmer handles the elcvated-Vcc requirement easily as well. However, 
when V^c is greater than 3V. logic devices populating the same board may draw excessive current and not 
, operate predictably. 

* One solution to this issue involves running separate V^c traces to the board's edge connector— one for EPROM 
, programming, and one for powering up the rest of the board. 

I 

• A second consideration when designing for EPROM OBP has been accessing manufacturer and device codes. 

j The identifier mode requires forcing A9 to 12V. This translates to adding extra isolation, which implies the 
'* increased costs of buffers and extra board space. 



SAN040068 



5-90 



AP-316 



NEW OBP DESIGNS 



Design Considerations 

As with EPROM in-circuit programming, flash memo- 
r>- board programmmg requires the use of a board-pro- 
grammer Unlike L'.V. erasure for standard EPROM 
OBP. eiectncal erasure enables Hash memorv- OBP 
without removing the board from the system. 

W> will look at designing a board that ts to remain pow- 
ered -up tn the system during erasure and reprogram* 
mtng. The key concept ts to design the board tn such a 
H'ov that the programmer can take controi 0/ the svstem 
during code updates. T^e implementation of such a de- 
sign IS straightforuara. easy, and suited to automated 
production assembly. 



Taking Control 

The board-programmer needs to take control of the 
system s address bus. data bus. wontrol lines, etc. to 
update :he coae without damaging the system. (Sec 
Figure 2. System to Board-Programmer Intcnaee.) 
Taking control simply means isolating the rest of the 
system I'rom these lines. 

V'anous methods of isolating the memory from the sys- 
tem include using tnstate butTers. latches, or even the 
capabilities designed into microprocessors (aP» and mi- 
crocontrollers (aC). For example. Intel's 36-based uP 
famiU has HLD/HLDA signals that were set-up tor 
multiprocessor system designs where bus control is a 
major concern. The HLD signal, when acknowledged, 
tnsiaies the address, data, and control lines. Although 
not designed for multiprocessor environments. Intel's 
.MCS--51 and .MCS-96 microcontroller I'amilics have 
Reset capabilities to help simplif> this same task. 



One issue [o be aware of when usinc a CPU's reset 
control function is that it may switch from the reset to 
active condition at a non-standard logic level. This oni> 
presents a problem if the address/data buffer takes 
longer to activate than the CPU. and the CPU attempts 
to fetch code from a memory de\ice isolated from it. 

One approach to insure successful procrammine take- 
over (I.e. without bus contention) is to ha\e the "board- 
programmer's lines in a high impedance state dunne 
connection to the system. Once connection to the sys- 
tem has been secured, the serviceman could hit a button 
on the board-programmer to star: the system takeover 
procedure. Then when total control has been estab- 
lished, the programmer would commence with erasure 
and reprogramming. 

Aside from the flash device Vj^oianon tVom the sv stem. 
vanous CPU controi lines (.MEMRD, WE. PSEN. eic.l 
may need isolation as well. If active during Resci. these 
lines may put the CPU into an unspecified state. When 
designing a board tor OBP. check the uC/uP data 
sheets carefully tor any special reset conditions. 

Printed Circuit Board Guidelines for 
Vcc an€l Vpp 

Programming conventional EPROM and Hash memo- 
nes takes 30 mA of current on and Vpp. due to 
the nature of hot-eleciron injection. .Most of the charge 
transfers to the memory cell's lloating gate in a short 
current spike dunng the tlrst pulse, ^'ou should design 
both the Vqc and Vpp traces with .^.C. current spikes 
in mind. Where\er possible, limn the inductance by 
widening the two traces. Bypass capacitors (O.l uF) 
should be placed as close as possible to the memory 
device's V^-^^ jnd GND pins, as well as the devices Vpp 
and GND p:ns. The capacitor on Vcc decreases the 
power supply droop. The capacitor on Vpp supplies 
added charge, and filters and protects the memory from 
high frequency over-voltage spikes- 



2 for a comoiete aiscussion ot eiectncal no.se. grounos. power suooiy o.stnout.on ana aecouot.nq see AD.74_H,qn Speed 
Memory System Oes.gn Us.ng tne 2147H. ana AP.l25-Ces.gn,ng M.croconrroner Systems for Eiectncaiiy No.sy Env.ron- 



EPROM OBP (cont'd) 

Some usOT of OBP gel around this issue by programming ail EPROMs with a common algorithm. However, this 
pracuce compromises the device's reiiabibty, and should not be done. 

ig^ihL^ollj?°" identifier is to choose a qualified EPROM vendor and program with its 

One subtle cincem with EPROM OBP that designers often overlook is U.V. board erasure. 
jr«^o7ioSr^?^ board erasure requires removal of the board from iis host system. This incurs the hidden 
tS^ ^hC ^f"' i'/ "^"^ dismantling a system. Rash memory 

decreases these costs by enablmg a greater degree of factory automation, and increases the flexibility afforded by 
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SYSTEM CARD 



SOARD-PROGRAMueR 



Addrtss Bus for 
Chip CndOtas 
ond Flosh Memory 
Address inouts 



A15 
AM 
A13 
A12 



r 



Ooto Bus for 
Inout/Output 



AO 

07 



0 H 



00 I 
r RESCT 
Sys. lnt«noc« I WEMWR 
Control Lin«s { m£MEN I 
I MEMRO i 
WE 



PP 
CNO 



;| A15 
i At4 ^ 
* At3 
A12 



;i o 

L. 



High Ord«r Aodrass 
Lin« for Memory 
S«i«Ct 



0«vic« Address 
Lines 



Ooto Lines 



. 00 
' PS1 
! PS2 

! CE - Decoder Endbie Line 
I OE - Read Control Line 
; WE - Erase/Progrom Lines 
; Vpp - Programmtng Power 

' CNO 



292046-30 

NOTE: 

During normal sysiem read operation, all interface traces are left open-circuited. Some ot tne lines nave pull-downs or 
weaK ouli-uDS to insure proper device operation. 

Figure 2. System to Board-Programmer Interface 



I EPROM OBP (cont'd) 

I 

— ► Special U.V. board crasen must be purchased, ai significant costs and with limited throughput A low-cid 
i U.V. bulb costs $75-5100 each. A U.V. board eraser system could cost upwards of $10,000, with recurring costs 
; of light bulbs and energy. Thus, the cost of U.V. erasure is often under-estimated. 

! 

j — ^ Although portable board programmers arc commercially available. U.V. lights by nature arc not very 
i rugged, and are not suited for out-of*factory code updates. This compUcates field service. 

j — ^ Erasure can be easily controlled in a lab enviromncni; however, it is not as clear on the manufacturing floor 
which label to remove for U.V. erasure, because parts other than EPROMs have windows (Le. EPLD's, micro- 
controllers with embedded EPROM memory, etc.) 
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The Syttem/Board*Programmer Hardware 
Connection 

In most U.V. EPROM OBP applications, designers use 
the board's edge-connector as the programmer mter- 
face. This approach is the lowest cost solution for stan- 
dard EPROM technology because U.V. erasable devic- 
es require system disassembly for erasure anyway. With 
flash memory, you can eliminate the system disman- 
tling and capitalize on the erase feature by adding a 
cable connector to the board for reprogramming pur- 
poses. The connector should extend from the board 
through the system's chassis, and should be easy to 
reach by a serviceman. 

Various types of cables exist on the market that could 
be used to connect programming equipment to the sys- 
tem. The key design consideration when choosing the 
type of cable is elimination of ail transient noise that 
would interfere with the programming or erasure pro- 
cess. 

Three types of noise mierference and methods to dimin- 
ish the noise are as follows: 

1. line to line cross-ulk (due to board-programmer's 
dnvers that dnvc sharp step functions on adjacent 
address lines): solved with either ribbon cables, hav- 
ing alternate lines grounded, or with braided twisted- 
pairs that have a ground line for each active signal; 

2. programmer line-driver-to-board impedance mis- 
matches leading to transmission line effects of signal 
reflection, and interference: solved by limiting cable 
length, decreasing programmer switching speed (or 
allowing longer settling time between address 
switches) or by using matched hne drivers on the 
programmer and high impedance buffers on the 
board end, or by using series termination resistors on 
the driving end of the cable (i.e.— board-programmer 
end, with the exception of the bi-directionardaia bus 
w hich needs senes resistors at both ends): 

3. rf pick-up m electrically noisy environments: use ei- 
ther shielded cable such as coax, ribbon cable with 
solid copper ground plane, or a new type that has 
recently become available called Flex cable. 

Braided twisted-pair cables when kept under three feet 
in lengih generally reduce cross-talk to acceptable lev- 
els. This type of cable offers the most cost-effective so- 
lution which works well in most applications. Depcnd- 
. ing on the environment, the programmer and your de- 
sign, you may need a combination of solutions, such as 
braided twisted-pairs with senes termination. 



At first all of these alternatives may seem expensive or 
superfluous, but keep in mmd that the cost of a single 
cable and programmer gets amortized over the total 
number of systems programmed. 



AN 8-BIT BUS DESIGN EXAMPLE 

An example of an in-circuit reprogrammable controller 
board is an 80C31. two 28F256's and some glue chips. 
(Sec Figure 3. for a system block diagram. See Appen- 
dix A. for a detailed system schematic. )3 The imponant 
issues for erasure and reprogramming are as follows: 

1. the board-programmer must have uncontested access 
and control of the flash memory array: and 

2. the microcontroller must be reset (un-active) dunng 
the erasure and programming cycles. 



SYSTEM DESIGN 
Bus Control Circuitry 

The 80C31 has an active-high reset pin, which tristates 
the address and data bases. Route this line (RESET) to 
the programming connector. Tie the OE pins on the 
lowK)rder address latch (74HCT573). and the PSEN 
buffer-enable (74HCT125)4 together and route that 
line MEMWR3 to another pin on the programmer-in- 
terface connector. 

During normal system operations when the uC reads 
program code from the 28F256 devices, th e pull-d own 
on MEMWR keeps the address latches and PSEN buff- 
er active. During flash memory OBP. the board-pro- 
grammer drives MEMWR active-high, which d isables 
these outputs, and isolates the address bus and PSEN 
from the programming signals. 

The board-programmer must independently control the 
RESET and MEMWR traces because thev disable at 
different V,l values (2.5V for RESET vs 0.8V for 
.MEMWR). If controlled by the same 5V supply, on 
power-up or after a reset condition the would try to 
execute code while still isolated from its c ode so urce— 
specifically before the address latches and PSEN buffer 
activate. 



Address Decode Circultf7 

This design shows two 28F256 flash memories. Systems 
with more than one memory device typically decode 
the CPU's high-order address to select a panicular de- 
vice. 

=.n™ °" ™ " ~' « "~" ■» " .» CPU-, m., 

.. MEMWB = > bus isolation control o» ana tne aata ous. 



5-93 



SAN040071 



AP-316 



— c 
< < 



a. 
a. 
> 



I 1 

a a 



O. M U 



o 
z 

o 



lO 



■U I 
o 
< 



I 



a 



HHl' 



o 
< 



f s 



-A 



2 -c 

ft O u 



-< Q 
< < 
1 

o 
o 
< 



U 

o 

OD 



i i 



n 



Figure 3. System Block Diagram 
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This, IS accomplished as illusiratcd. When A 15 is low. 
the lower 32K byies are sclecied. The outpui of" the 
invener dnves the other 2SF256's chip enable. This 
type of memor>* architecture promotes power savings 
by disabling all memories but the one being addressed. 

To accomplish this two-line memory control architec- 
ture, route the mveners input A 15 to the 80C31 and to 
the programmer mterface connector* The board-pro- 
grammer contro ls the mv ener's output enable with 
MEMEN.^ The MEMENJ»ne perrbrms the function 
normally penormcd by CE in compo nent prog ram- 
mmg. When dnven to a logic "l" level MEMEN pulls 
the invener-s outpui high. This deselects all memory- 
devices controlled by that I.C. Dunng normal rea d and 
standby operations, the pull-down on MEMEN keeps 
:hc decoder enabled. 



Erasure and Programming Control Circuitry 

In this design. Vpp and WE are active onlv dunng re- 
programming. At other times, the two inputs would be 
inactive. Simply tie the WE line to V^c throueh a pull- 
up resistor. The pull-up limits the current to the b oard 
programmer dunng reprogramming. (Recall that WE 
IS active low.) Flash memories allow Vpp to be at 12V, 
Vcc or ground for read operations. This design ties 
Vpp 10 \'cc ihrough a diode and resistor to allow for 
EPROM OBP compatibility. If this option is not re- 
quired, simply tie Vpp to ground through a current- 
limiting pull-down resistor. 

Returning Control to the Host System 

The board-programmer should return system-control 
:o the host processor in an organized manner. Fir^t it 
Nhould lower Vpp trom 12V to 5V. or ground. Then the 
ooaro programmer should place its address and data 



buses into a high impedance state. Next PS2. ^^hich 
con trols M EMWR should be tnstatcd thus disabhng 
the PSENVAddress latch isolation. Finally the board- 
programmer should switch PS 1.- which drives the RE- 
SET line to reactivate the uC. This sequence guaran- 
tees that the will begin operation at a known pro 
gram code location. 



16-BIT BUS DESIGN 
CONSIDERATIONS 

An e.xample of an On-Board programmable 16-bit sys- 
tem board would be an 80CI86 microprocessor, two 
28FOIO flash memones. RAM. and some glue chips. 
The basic hardware design consui -ations would be the 
same as those in the previously discussed 8-bit bus ex- 
ample. 

There are a few issues with 16-bit designs that do not 
anse in d-bit designs. For the programmer to take con- 
trol of the system, it must tristate and reset the ^P as 
well as tnsiate the bus buffers and latches. The HOLD 
and RESET lines of Intel's 86-based family of micro- 
processors have been designed with bus isolation in 
mind for use in multiprocessor systems. 

The designer has two options for erasing and program- 
ming the high and low bytes of the flash mcmorv array 
independently. 

1) The designer can route two Wf Imes to the pro- 
grammer connector— BYTE HIGH WE and BYTE 
LOW WE. 

2) The reprogramming software can follow the masking 
procedure_shown in section 4 4. This method allows a 
common WE line for the high and low bvtes. 



:ne 80C3i s ao.iity to tristate mise oorts ll noVo^^t^n i n^^^^^^^ 'n^eriace. .n m.s aesign examoie. we maKe useof 
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Figure 4. Detailed B-Bit Bus Design Schematic 
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OBP EQUIPMENT AND VENDORS 

If you are considcnng OBP for your next design and 
have noi used on-board programming before. >^"u v^'iii 
need to choose a board-programmer vendor Various 
suppliers offer OBP systems; therefore, it ,s weJl wonh 
It to send out requests for programming suppon bids If 
your production volume justifies the purchase of more 
than one board-programmer. you may want to neaoti- 
ate a non-recumng engineenng charge for devi^innm^nt 
cos:, followed by vanable costs for addmonaUn'r 

Most vendors offer a vanety of basic systems des.ened 
10 easily adapt to your needs. Systems can be purchased 
that program either single boards senallv, or a number 
01 boards in parallel. Light-weight OBP'eq pment de- 
signed for tield reprogramming can also be obtained 
irom some ot the vendors. 

.Most companies will work directly with you at the be- 
ginning of your design phase to ensure OBP compati- 
bility. If your design is beyond the definition staae. the 
programmer manufacturer will request a copv of vour 
schematics or block diagrams under non-disclosure. 
The vendor has an OBP design specialist that will 
check the design for OBP compatibility. Anv potential 
proDiems will be located and corrected at 'this earlv 
stage. 

Ev_er> board-s architecture is different (i.e.. based cn 
difTerent central processing units (CPU) decoding 
.cnemes. buiTenng methodologies, interface connectors", 
and types and densities of memonesi. Vendors wnte 
custom software modules for each application. Alio. 
the venaor or the board designer typically builds an 
interlace jig to connect the board s edge connector to 
:he programmer. This choice is often left as a decision 
tor tne aesiener. 



Partial List' of Companies Sellinq 
Board-Programmers 

Following are a few of the companies who oiTer on- 
board programming solutions today 

Data I/O Corp. 
Dieeiec 

Elan Digital Systems 

Oliver Advanced Engineering. Inc. 

Stag Microsystems. Inc. 

•This list is intended for e.\ample onh. and in no wav 
represents all companies that suppon on-board pro 
grammmg. Intel Corporation assumes no responsibili 
ty for circuity other than circuitrv embodied in an In 
tel product. No other circuit patent licence;, are im 
plied. 

SUMMARY 

• On-board programming (OBP) has been around 
smce 1981. 

• Designing a board for OBP can be easiK done bv 
working with a board-programmer vendor's OBP- 
design-spcciaiist during the initiai design phase. 

• In-circuit aiterabie code storage can be easilv impie- 
menied by usmg Hash memory and it's feaiurei,, 

• Time and money savings can be reahzed in a num- 
ber or ways by taking advantage of Hash memorv 

OBP: 

<> Decreased board costs and improved rdiabilitv 
irom ehmmation of EPRO.M sockets. 

< Decreased manufacturing costs from elimmaiion 
or board eraser depreciation costs, recurring L'.V. 
iight bulb and energ> expenses: 

< > Decreased inventor> e.xpense from simplified test 

and rework meihods (one-step diagnostics, era- 
sure, and board cont'ieuraiiDni: 

< > Decreased product costs based on decreased 

board-handling loss. 

< > Improved board diagnostics and tesiabihiv leading 

to higner quaht) and decreased customer returns^ 
and 

< > Quicker, more reliable field code updates. 
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APPENDIX B 
Vpp GENERATION CIRCUITS 



Circuit * I — Regulacion from a higher voliage 

Circuit ^ 2 — Regulation from a higher voltage 

Circuit *3 — Regulation from a higher voltage 

Circuit *4 — 5V to 12V Boost 

Circuit 5V to 12V Boost 

Circuit *6 — Monolithic DC/DC Convenor 

Circuit * 1 



Down Conversion 

iFrcm 14.0V-26.0V to 12.00V) 



vin 



Vec 



R3 > 
vpp ^ 



Out 

LM2391CT 

On/Orr Qnd A«| 



■f— O Vout 



CI 



>R1 



I Vout = 1.20V (R1/R2 + 1) \ 



COMPONENTS COST' 

LM2391CT S075 
R1 = 20 Kn. 1% 0.045 
R2 = 180 Kn. 1% 0.045 
R3 = 10 Kn 0.02 
Cl = 0.1 uF 0.02 
02 = 100 >iF 0.15 

$1.03 

j NOTES: 

; —The LM2391 oMers an enadle pin for adoed data protection. 
' —The arop out voltage is 0.6V. 

IS NOT reouired if Vpo enable is driven oy a CMOS device. 
; *Cost approximations assume 10.000 piece quantity. 
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Circuit *2 



,^ Down Conversion 

('^fom 16.OOV-26.OOV to 12.00V) 



Vin > 



CI 



LM-317 ^ 
Veitag* 




Vout = 1 .25vTR2 'RI. + J >J 



COMPONENTS 


COST* 


LM.317 


0.40 


« 1240. l''<> ■ 


0.045 


« io7on. i"*« 


0.045 


Cl » 0.1 uF 


0.02 


C2 e 100 ur 


0.15 




S0.66 



NOTES: 

LM-317 reouires a minimum v.^J-v«^J7 * 3 OV 
•Cost aooroximations assume 10.000 piece auantiTy. 
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Circuit ^3 



Down Conversion 

(From 15.0V-40.0V to 12.00V) 



LT1085 

Out 

Voltag* n*gulator 



Cl 




Vout = 1.25V (R1/R2 + 1) '=r 



NOTES: 

LT-1085 reauires a minimum Vim-Vq^ 
'Cost aooroxtmations assume lO.OOO oiece quantity 



COMPONENTS 


COST* 


LT.1085 


2.50 


fli « 1240. 1% 


0.045 


fl2 « 1070O. 1% 


0.045 


Cl « 10 ur 


0.10 


02 - 10 uF 


0.10 




S2.79 


1.5V 
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Circuit #4 



R1 

1 



Up Conversion Circuit 

(From 5.0V to 12.0V) 

LI 

^'TOP ■ 



13 



lOOuH O.SA 



101 r. 



Vin = 5.0v : 

CI 



; CLS Coi A : 

77 ^" TL-497AC 

Switching Voltage 
fleguUtor Com • 
Pp Inh SuftCND Em tn 



Vout = 12.00V 

— i ,««o 



»R3 

; 1% 



lOOuF 3! 3: 4 


s s 


1 • 


Ct X , 




R3 






1.2K 



-_C2-.C3 
luF ' lOOuF 

! 
1 



Vout = 1.20V (R3/R2 1) i = 



COMPONENTS 

TL.497AC 

R1 

P12 

R3 

Ci 

02 

03 

Ul 

Ot 



NOTE: 

'Cost aooroxtmations assume 10.000 piece quantity. 



COST* 

1.15 

0.02 

0.045 

0.045 

0.15 

0.15 

0.02 

1.00 

0.02 

S2.600 
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Circuit #5 



Up Conversion 

(From 5V to 12.0V) 




LT1072 




FB 
GND 



CI 



▼ MUR120 
"7 tN59l9A-5.6V 



X 







O OUTPUT 
200 mA MAX 



R2 



COMPONENTS 


COST* 


LT1072 


1.82 


R1 = 10.7k. 1% 


0.045 


R2 « 1.24k. 1% 


0.045 


R3 = ik. 5% 


0.02 


R4 = 120k. 5% 


0.02 


nS = 270k. 5% 


0.02 


Cl « 1 uF 


0.10 


C2 = 1 >iF 


0.10 


Co « 10 uF 


0.15 


LI = 150 uH 


1.00 


01 « 2N3904 


0.10 




S3.42 



292046-33 



VppOUT 


R1 


R2 


Rettttor 
Tolerance 


12,0V i 10.7k 


1.24k 1 1% 



NOTES: 

Dnve Vpp COMMAND low to turn on the circuit. 
*Cost aoproxtmations assume 10.000 piece quantity. 
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Circuit #6 



Up Conversion Circuit 

(From 5.0V to 12.0V) 



5.00V A 




COMPONENTS 

PM7006 

Cl « 0.1 uF 



COST* 

S6.25 
0.05 
2.59 

$8.89 



292046-16 



NOTES: 

1. The caoacitor aecreases output noise to 140 mv oK-pK 

wi^^r-Zad^^ " enao.e/..sao.e me convener. Th. can.ro. ™n.n,«es power consump..on 

.y,l;n?,rv?c"uoo°y" '° '"^ ,0% 

"Cost aooroximations assume 10.000 oiece Quantity. 
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APPENDIX C 
LIST OF DC-DC CONVERTER COMPANIES 



BURR. BROWN 
P.O. Box 1 1400 
Tucson. A2 S5734 
(602) "46.1111 

CARITRONICS INC. 
P.O Box iZ\ 
West Caldwcli. NJ 07007 
(201) f'f.gPlb 

LINEAR TECHNOLOGY CORP. 
1630 McCanhy Blvd. 
Miiptias. CA 95035-'487 
(408) 432-1900 

NOVA-TRONIX 
4T01 Parnck Henry Dr. *24 
Santa Clara. CA 95054 
(408) "2"-Q530 

RELIABILITY INC. 
<"13 ' 4^^2.0550 

SEMICONDUCTOR CIRCUITS INC 
-i^ Ranee Road 

mdham. Sew Hampshire 03087 
I o03 • '"^3-1 3 30 

UNIVERSAL MICROELECTRONICS 
\1arjon Sales Inc. 

-b*: Bavshorc Parkway. Suiie 1000 
Mountain View. C.A ^4043 
'415) ^04-8040 

VALOR ELECTRONICS 
ol'f Nancy Rtdee Dr. 
San Diego. CA ^2121 
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APPENDIX D 
PARALLEL ERASE FLOW CHART 



c 



START CRASUflC 



COMMENTS 



PROCRAU ALL OCVrCCS 
TO OOM 



INrriALlZC: 

TTW 3 tOm« 
PLSCNT = 0 
AORS s 0 
CCOy 3 2Q20H 
v.COm s aoaOh 



w»nt AORs/L-COM 



wprrt AORS/t_COy 



TimC OUT TV* 



IWRITC AORSA.COy 



OCViCC vCRirr * 
MASK ROUTiNC 




AP^T VPPt 




WRITt REAO.COU 



APPLT VPPL 



] 



(CRASURC CPyPLCn) ( gRASURE ERROR } 



292046-34 



Wait for Vpp to stabilize. 



I Use Quick-Pulse Programming 
aigontnm. 



Initialize Vanaotes: 
TEW = Erase duration (width) 
PLSCNT = Pulse Counter 
ADRS = Address 
E_COM = Erase Command 
V_COM = Venfy Command 

Erase Set-up Command 



Stan Erasing 



Duration of Erase Operation. 



I Erase Venfy Command stops 
; erasure. 



1 See nejrt page for subroutine. 

; When both devices at ADRS are 
1 erased. PCDATA = FPFFH. 
i If not equal, increment the pulse 
j counter and check tor last pulse. 

j Reset commands to default 

! (£_COM = 2020H. 

I V_COM = AOAOH) 

j before venfying next ADRS. 



Reset devices for read operation. 



Turn off Vpp. 
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Device Verify and Mask Subroutine 



C 



S^ART SUBROUTINC 







"Mt OUT S us 


1 


r 


RCAO AORS/r.DATA 



COMMENTS 



This suoroutrne reaas tne aata word I 
!(F_DATA). ittnenmasKstneHior : 
. LO 3yte or tne £rase ana Venrv 
commancs rrom eiecuting aurmg 
the next cceration. 



.DATA AND DOrr^) 



-t-9YTE = '".DATA AND rroOHj 



NOTE: 



v_:Om = iv.COM OR OOr-H) 



£.:oM = (^:om or rrooH) 

V_:OM = .W.COU OR ''OOr*) 



; tf 00th HI and LO bvies vertty. then 
•return. 



MasK' 3yie witn OO^ 



. If the lO Byte verifies erasure tnen i ; 
mask* the erase and venrv 
; commands witn FrH(flese!). . • 



Mask* the LO Byte with OOH. 



It the HI Bvte venftes erasure, tnen 
masK ' the erase ana ventv 
commands w/F*OOH(;^eseti. 



r° o« cone .n assemc.v languaaes S^moty icao wora .-eaisters w.in tne .ncom.nq fiasn 

.a.a >-_^^TA). .. 5 erase commanos ang the venfv commanos. '.^en man.ouiate tne hi or lG register contents 
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APPENDIX E 
PARALLEL PROGRAMMING FLOW CHART 



Start Program ^ 



Apply VPPH 



PLSCNT = 0 



GetADRS/P DAT 



Initialize: 

V^DAT = P DAT 
P^COM = 4040H 
V COM = COCOH 



Write xx/P COM 



I 



Write ADRS/P_DAT 



Time Out lOOuS 



Write ADRS V COM 
^ " 



Time Out 6uS 



Read ADRS/F_DAT 



Write READ^COM 



High/ Low Byte 
Compare & Mask 
Subroutine 




Write READ_COM 



Apply VPPL 



Apply VPPL 



C program Error ) (^Program Complete) 



COMMENTS 



Wart for Voo ramp to Vopm 

PLSCNT « Pulse Counter 

ADRS = aodress to program 
P— DAT = aata word to program 

Initialize Data Word Vanabies: 
V.OAT = valid data 
P^COM " Program Command 
V_COM = Venty Command 

Program Set-uo Command 
XX = Address don't care 

Program 

See next page tor suorouiine 
Program Verity Command 

F_OAT = fiasn memory data 

Comoare flash memory data 
to valid data (wortf compare), if not 
equal, increment pulse counter & 
Check for last pulse, if not last 
pulse, compare High and Low 
6yte. 



Check Outfer or I/O port for 
more data to program. 



Reset device for read operation. 
Turn off Vpp. 
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APPENDIX F 
DETAILED SYSTEM SCHEMATICS 
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256K FLASH MEMORY DEMO PARTS LIST 



Device 


Component 


Pins 


Description 


[11 


OUU lOO 


DO 


1 D-oii ntgn inisQrmion uru 


[2,3.41 




on 


LalCn 


[5.6J 






1 rdDSCalVor 


[7] 


/4MUo2 


1 A 


OR ^BXQ 


[8L8H1 


27Lb4 


20 


Id KDyte trnUM 


[9L.9H] 


2or256 




o4 KDyre Tiasn memory 


[10L.10HJ 


j2K X 0 SRAM 


2d 


d4 KDyte oHAM 


[11] 


82510 


2o 


Asynchronous Serial Controller 


[12] 


i A Q 


1 A 

1 4 


Hb-232 une unver 


1 1 J. 1 4J 


1 Autsy 


1 A 
1 4 


no-cJ^ une nec6fV6r 


[151 


82C55A 


40 


Programmable Penpheral Controller 


[161 


PM7006 


24 


DC/DC Convertor (5V- 12.00V) 


[17] 


7406 


14 


Invertor — Open Collector (O.C.) 


CI 


20 uF 


2 


Capacitor for CPU reset 


D1 


1N914 


2 


Diode for CPU reset 




3UZ11A 


3 


MOSPOWER nFET 


J1 


DB-25 


25 


Connector (male) 


OSC-1 


20 MHz 


14 


CPU Oscillator 


OSC-2 


18.432 MHz 


14 


Serial Controller Oscillator 


R1 


10 KCl 


2 


ViW. 1 0% Resistor for CPU reset 


R2 


1 Kn 


2 


74 W. 10% Resistor for O.C. pull-up 


SW1 




3 


Momentary Push Button for CPU reset 



NOTES: 

1. Place a 0.1 uF bypass caoacitor at the Vcc '"Put of each IC. 

2. Place a 0.1 >ir bypass caoacitor on the Vpp input of each 26F256 flash memory. 



28F512 UPGRADE FOR THE 
80C186/FLASH MEMORY DESIGN 

To upgrade the 80C186/Flash memory design to han* 
die 2SF5l2*s. the range of the C£ signal has to be in- 
creased. There are a number of ways to generate a CE 
signal that will span the 128 Kbyte address range of 
two 28F512 devices. 

1. AND two of the current MCS lines together (defined 
for 64 Kbytes each); or 



2. Change the MCS individual block-select size from 
64 Kbvtes: 

MMCS_VALUE = 41F8H, 
MPCS_VALUE = 0A0B8H 

to 128 Kbytes: 

.MMCS_VALUE = OlFEH. 
MPCS_VALUE = OCOBEH 

Also, cut th e CE trace to the RAM sockets. Then 
wire M CSO to the RAM CE. This ehminaies the 
MCSO and LMCS range overlap caused by increas* 
ing the .MCS range to 128 Kbytes. Sec 80C186 Data 
Sheet page 21 and 22 (Order # 270354). 
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28F010 UPGRADE TO THE 
80C186/FLASH MEMORY DESIGN 

To upgrade the 30C136/Flash memorv desini to h,n 
die 28FOIO-S. a CE signal has .o Degenerated There' 
are a number of ways to generate a CE signal that will 
span the 256 Kbyte address range of two 28F010 devic- 

1. AND two of the MCS lines together (defined for P8 
Kbytes each as noted m the 28F512 modifications^: 
Curjhe LMCS trace to the RAM sockets. Connect 
MCSO to CE on the RAM sockets (L'lOL.L'H) 
Cat the MCS: trace to th e flash memor\-. Add an 
AND gat' Connect MCS2 (cut trace) and MCS3 to 
the inputs of the .AND gate. Then wire the AND 
gate output to the CE of the flash mcmones. 
Also, change the onboard memor\- MCS resKt^r tr.- 

mmcs_vall*e = oifeh:mpcsJ 

VALLE-OCOBEH (i:SK biocks). 
and delete: 

LMCS_REG and LMCS_VaJue. 
2. Add a decoder: 

Add a decoder (-4HC133). Connect address hnes 
A IS and A IQ to the B and C inputs of the decoder 
Tie the A input of the decoder low. and enable all the 
enables. Bvjising outputs VO. V2, Y4. and Y6 vou 
have fou r CE l ines decoding 256 Kbyte blocks each. 
Cut :he .MCS2 :race to the flash memones. Connect 
:htf V: output from the decoder to the CE input of 
iht flash memory. 



3. Replace the address latch (\J2) with a PLD that 
latches and decodes. 

Program a 5C032 as an miegrated latch and decoder 
f^nii^'cni'rl^^^" address latch [U2] w.th the Intel 
5C032 EPLD. Cut the CE trace tojhe flash memo- 
nes. Connect the flash memones' CE ro the 5C032 
?ririi '"^^^ address space 40000H to 

. FFFFH. Sec Figures I and 2 for a companson of 
the aHC573 (HI) and programmed 5C032 pin outs 
Figure 3 is the source code for the EPLD. 
Also, change the value of the MMCS and MFCS 
registers to 64 Kbyte blocks so that the MCSO ranee 
does not overlap the LMCS range 

MMCS_VALUE = 4lF8H. MPCS_ 
VALUE = 0A0B8H. 
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Figure 1. Latch Pinout 
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Ihoa 3ovns - ?LFG Applications 
Intel 
I January 13, 1989 
EPLD HOTLINE: 1-800-323-EPLD 
002 
5C032 

Custos Latched Decoder 
OPTIONS: TUHB0 = 0N 
PART: 5C032 

INPUTS: ALESll, RESETSl, A192-5. A18£-4, A17a3. A16(a2, nBHE.aS 

OUTPUTS: LA18f|17, LA17q18, U16.al9. LnBHEglS . nCE3iU, LA19dl6, 
nCE2£13, nC--l@12 

NETWORK : 

ALE = IN (ALE) 

PiiSET = INP (RESET) 

nRESET = NOT (RESET) 

A19 = INP (A19) 

A18 = INP iA18) 

A17 = INP (A171 

A16 = INP iA16) 

nBHE = INP (nBHE) 

LA19, LA19 = COIF (LA19d, nRESET) 

LA18, U18 = COIF (LA18d, nRESET) 

U17. LA17 = COIF fU17d, nRESET) 

U16, U16 = COIF *LA16d, nRESET) 

LnBHE. LnBHE = COIF (LnBHE. nRESET) 

nCE3, nCE3 = COIF (nCE3, nRESET) 

nCE2, nCE2 = COIF (nCE2, rJlESET) 

nCEl. nCEl = COIF (nCEl, nRESET) 

EQUATIONS: 

U19d = A19 • ALE -t- U19 • lALE : 
LA18d = A18 ■ ALE ^ Ui8 • !ALE ; 
LA17d = A17 • ALE U17 • lALE : 
U16d = A16 • ALE * U16 • lALE : 
LnBHEd = nBHE • ALE + LnBHE • lALE ; 
nCE3d r nCE3EQN • ALE ^ nCE3 • :aLE : 
.nCE2d = nCE2EQN • ALE + nCE2 • :aLE ; 
nCEld = nCElEQN • ALE ^ nCEl • lALE ; 
nCE2EQN = 1(A19 • !A18) ; 
nCElEQN = •( IA19 • A18) : 
nCE3EQN = :( !A19 • A18 ^ A19 • :A18) : 

END5 

Figure 3. Source Code for the Integrated Latch and Decoder 
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INTRODUCTION 

Intel's ETOXTM u (EPROM tunnel oxide) Hash mem. 
ory technology is denvcd from the CHMOS** III-E 
EPROM technology. It rcpiaces ultraviolet erasability 
wiih a non-voiatiie memor>- cell that is electrically eras- 
able in bulk array form. Intel flash memory combines 
the EPROM programmmg mechanism wuh EEPROM 
erase, producmg a versatile memory device that is high- 
ly reliable and cost effective. This repon descnbes the 
fundamentals of the ETOX II flash memor>' cell in 
comparison to the standard EPROM. and gives insight 
into Its operation in a system environment. 

The ETOX II flash memory cell is nearly identical in 
size to CHMOS III-E EPROM. This allc..i compara- 
ble densities. The pnmar>- difference between ETOX II 
flash memor\* and EPROM cells is the flash memory 
cell's thinner gate o.xide. which permits the electrical 
erase capability. (See Photo 1.) 

ETOXTM 11 FLASH MEMORY CELL 

Intel's ETOX II flash memor>- cell is composed of a 
single transistor with a floating gate for charge storage, 
like the traditional EPROM. (See Figure L) In con- 
trast, conventional t\fco-iransisior EEPROM cells are 
typically much larger Intel produces ETOX II flash 
memory devices on l.Ou photolithography. 

Thtf ETOX II cell's programming mechanism is identi- 
cal to the EPROM: that is. hot channel electron injec- 
tion The device programming mode forces the cell*s 
control gate and drain to a high voltage while leaving 
the source grounded. The high dram voltage generates 
"hot" electrons that are swept across the channel. 
These hot electrons collide with other atoms along the 
N*a>. creating even more free electrons. Meanwhile, the 
high voltage on the control gate attracts these free elec- 
trons across the lower gate oxide into the floating gate, 
where they are trapped. (Sec Figure 2.) Typically, this 
process takes less than 10 ^s. 

Flash memory's advantage over EPROM is electncal 
erasure, dischargmg the floating gate without ultravio- 
let light exposure. The erase mechanism is an 
EEPROM adaptation which uses "Fowler-Nordheim * ' 
lunnelmg. A high elecinc field across the lower gate 
oxide pulls electrons off the floatmg gate. The erase 
mode routes the same external voltage used for pro- 
gramming to the source of the mcmor>- cell, while the 
gate ts grounded and the dram is left disconnected. 
(Figure 3.) 



MEMORY ARRAY CONSIDERATIONS 

The ETOX II flash memory cells have the same arrav 
configuration as standard EPROM. thereby matching 
EPROM in density. Also, identical peripheral circuitrv- 
for normal access achieves the same read performance 
as the Intel CHMOS III-E EPROMs. 

Intel flash memory's programming circuitry is also 
identical to Intel's EPROM designs. Row decoders 
drive the selected wordline to high voltage, while input 
data combined with column decoders determine the 
number of bitlines that are gated to high voltage. This 
provides the same byte proerammability as an 
EPROM. Intel flash memones otTer the efficiem Quick- 
Pulse ProgrammingTM algonihm that is featured on 
advanced EPROMs. 

.Array erase is unique to flash memory technology. Un- 
like conventional EEPRO.Ms. which use a select tran- 
sistor for individual byte erase control, flash memones 
achieve much higher density with single transistor ceils. 
Therefore, the erase mode supplies high voltage to the 
sources of every cell simultaneously, performing a full 
array erasure. .A programming operation must be per- 
formed before every erase to equalize the amount of 
charge on each cell. Then Intel's Quick-Erase^Waigo. 
rithm intelligeniiy erases the array down to the appro- 
priate minimum threshold level required to read ail 
**ones" data. This procedure ensures a tight distnbution 
of erased cell thresholds throughout the array. 

ETOXTM II FLASH MEMORY 
RELIABILITY 

The reliability of Intel's CHMOS ETOX II flash mem- 
ory process is equivalent to its sister EPROM technolo- 
gy. The ETOX II and EPRO.M processes share the 
same data retention characteristics. Preliminary qualifi- 
cation data shows that 1 Megabit flash memones pro- 
duced on the ETOX II process provide at least 10.000 
program and erase cycles wrth no cycling failures due 
to oxide stress or breakdown. In fact, several 1 .Megabit 
flash memones were cycled past 100.000 cycles with no 
apparent oxide damage. This extended cycling capabili- 
ty IS attnbuted to improvements in tunnel oxide pro- 
cessing and advantages mhereni in the ETOX II cell 
approach. 



.'flcaf"^''o?!'" "^o^'er-Nofdheim Tunneling into Thermally Grown Si02,- Journal of Applied Physics, Vol. 40 

( 1 969). p. 278. 

'Intel's ETOX II flash memory process has oatents oenoing. 
•'CHMOS IS a oatenteo process of Intel Corporation. 
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SUMMARY 

ETOX 11 flash memon- lechnoiogy is the optimal com- 
bination of EPROM and E-PROM technologies. In- 
tel's new ETOX II flash memor>' process offers" extend- 
ed cycling capability with the density and manufactura- 
bility of EPROMs. From an application standpoint, 
flash memor>- technology provides the capability to 
improve overall system quality throughout the product 



development and manufacturing stages. Also, flash 
memor>* density is ideally suited for applications requir- 
ing version updates of entire programs which, in turn, 
suit the "flash" characteristics of erasing the entire ar- 
ray at once. In addition, individual byte programming 
allows for data acquisition. Flash memory devices pro- 
duce on the ETOX 11 process provide a high density, 
low cost solution to many system memory storage re- 
quirements which were previously unavailable. 
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Figure 1. ETOXtmh Flash Memory Cell Layout (Top View) 
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Figure 2. ETOXtmh Flash Memory Cell during Programming (Side View) 
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Figure 3. ETOXtmh Flash Memory Cell during Erase (Side View) 
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INTRODUCTION 

Inters ETOXTM (EPROM tunnel oxide) flash memo- 
nes add complete electrical chip-erasure and repro- 
gramming to EPROM non-volatility and ease of use. 
Advances in tunnel oxides have made it possible to de- 
velop double-polysilicon single-transistor electrically- 
erasable programmable mcmones. Intel's ETOX flash 
memones eiectncally erase all bits in the array matrix 
via (fleciron tunneling. The EPROM programming 
mechanism of hot electron mjection is employed for 
eiectncal byte programming. 

A command port inienace. internal margin voltage 
genera* nn. and address and data latches augment stan- 
dard EPROM circuitry- lo make Inters 2SF256 the first 
high-density CMOS flash memory optimized for micro- 
processor-controlled reprogramming. Read timing pa- 
rameters are equivalent lo those of like-dcnsity CMOS 
EPROMs. The dense one-transistor cell structure, cou- 
pled *ith high array efficiency. yield a 
256-kilobit die measuring 181 by 203 mils. 



TECHNOLOGY OVERVIEW 

ETOX flash memory technology is derived from Intel's 
standard CMOS EPROM process base. Using ad- 
vanc:d CMOS l.fum technology, the 32,768 a 8 bit 
flash memones employ a bum • 6um single transistor 
>?1L arlording equivalent array density as comparable 
EPRO.M technology. The tlash memory cell structure 
IS laentical lo the EPROM structure except for the 
thinner gate nunnel) oxide. 

High quality tunnel oxide under the single floating 
poiysiiicon gate promotes electncai erasure. All cells m 
rhe array jre simultaneously erased via Fowier-Nor- 
. dheim tunneling. Applying 12 volis on the source junc- 
tions and grounding the select gates erases the entire 
array in 200ms uypical). Programming is accomplished 
with the standard EPROM mechanism of hoi electron 
injection from the cell drain junction to the floating 
gate. Programming is initiated by bnnging both the se- 
lect gate and the cell drain to high voltage. Program- 
ming occurs ac a rate of lOOus per byte. 



DEVICE ARCHITECTURE 

Figure 2 illustrates the block diagram for the 28F256. 
Figure contains the die photograph with functional 
blocks Identified. The feature which differentiates In- 
tel's 256-kilobii flash memory is the command port ar- 
chitecture. 

The command port simplifies microprocessor control of 
the erase, erase verify, program, program verify, and 
read operations, without the need for additional 
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Figure 1. EPROM Cell vs. Flash Memory Cell 

control pins or the multiplexing of high voltage with 
control functions. On-chip address and dau latches 
minimize system interface logic and free the system bus 
dunng erase and program operations. High voltage 
( 12V^ on the Vpp pm enables the command pon. In the 
absence of this high voltage, the device only performs 
the read operation, inhibiting erasure or programming 
of the device. 

The command pon consists of a command register, 
command decoder and state latch, the data-in latch, 
and the address latch. The command decoder output 
directs the operation of the erase voltage switch, pro- 
gram voltage switch, and the erase/program verify 
voltage generator 

Functions are selected via the command port in a mi- 
croprocessor wnte cycle controlled by the Chip-Enable 
and Write-Enablc pins. Contents of the address latch 
are updated on the falling edge of Wnte-Enablc. The 
rising edge of Write-Enabie latches the command and 
data registers, and initiates operations. 

Erase is achieved through a two-step write sequence. 
The erase set-up code is wntten to the command regis- 
ter in the first cycle. The erase confirmation code is 
wntten in the second cycle. The rising edge of this sec- 
ond Write-Enabie pulse initiates the erase opera- 



SAN040098 



5-120 



intef 



ER-21 



lion. The command decoder rnggers the erase voitaze 
switch, conneciing the 12V supply to the source of all 
bits in the array, while ail wordlines are grounded. 
Fowier-Nordhetm tunneling results m the simultaneous 
erasure of all bits. 

Wntmg the erase venfy code into the command reeister 
terminates erasure, latches the address of the byte to 
venfv, and sets the iniemally-generated erase niarem 
voltage. The microprocessor then accesses the output 
from the addressed byte using standard read timmes. 
The venfy procedure repeats for all addresses. Should a 
byte require more time to reach the erased state, anoth- 
er erase operation is applied. The erase and verify oper- 
ations continue until the entire array is erased. 

Programming follows a similar flow. The program set- 
up command is wntten to the command register on the 
nrst cycle. The second cycle loads the address and data 
latches. The nsmg edge of the second Wnte-Enable 
pulse inmates programmmg by applyme high voltage to 
:he gates and drains of the bits to be programmed? 

Writing the program venfy command to the register 
terminates the p/ogramming operation and applies the 
program venfy voltage to the newly programmed byte. 
.Again, the addressed byte can be read using standard 
microprocessor read timings. Should the addressed byte 
require more time to reach the programmed state, the 
programming operation and \cntlcation are repeated 
until the byte is programmed. 



Erase and program venfication ensure the data reten- 
tion or the newly altered memor>- bits. The cell marein- 
ing penormed in the Quick-Pulse Pro£rammingTM l^d 
Quick-ErascTM algonthms is more reliable than histon- 
cai overpuismg schemes as margining tests the amount 
of charge stored on the floanng gate. 

Inters flash memones employ a unique circuit to inter- 
naJly generate the erase and program venfy voltages. 
Figure 3 shows a simplified version of the circuit. The 
circuit consists of a high voltage switch and the verify 
voltage generator. Transistors M 1 through M4 consti- 
tute the high voltage switch which disconnects Vpp 
from the resistor when the device is not in the venfy 
mode. The verify voltage generator includes a resistor 
divider and a buffer. Internal margin voltage generation 
maintams microprocessor compaiibihiv bv eliminating 
the need for external reference voliaKcs. 



Summary 

Intel's ETOX Flash memory technology is a break- 
through in adding electncal chip-erasure to familiar 
EPROM technology. With cost-effective electncal era- 
sure and reprogramming. Intel's 28F256 fiash memory 
nils the functionality gap between traditional EPROMs 
and EEPROMs. EPROM-compatible spccitications. 
straightforward interfacing, and in-circuii alterabiliry 
allou designers to easily augment memory nexibility 
and satisfy the need for upaaiablc coOe storage in ui 
day's designs. 
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Figure 2. 28F256 Block Diagram 
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Figure 3. Erase/Program Verify Generator 
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Columns are numoerea 0 tnrougn 255 begtnntng wiin me column nearest tne X-decoder. 
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INTRODUCTION 



DEVICE ARCHITECTURE 



Intel's 28F5I2 ETOXTm.h (EPROM tunnel oxide) 
flash memory adds electrical chip erasure and repro- 
gramming lo EPROM non-volatiliiy and ease of use. 
Advances in tunnel oxides and photolithography have 
made it possible to develop a double-polysilicon single- 
transistor read/wme random access nonvolatile memo- 
r>', capable of greater than 10.000 reprogramming cy- 
cles. The 28F512 flash memory eiecincally erases ail 
bits in the array matnx via electron tunneling. The 
EPROM programmmg mechanism of hot electron in- 
jection is employed for electncal byte programmmg. 

A command port interface, internal margin voltage 
generation, and address and data latches augment stan- 
dard EPROM circuitrv* to optimize Intefs 28F512 
CMOS flash memory for microprocessor-controlled re- 
programmmg. 

Read limine parameters are equivalent to those of 
CMOS EPROMs. EEPROMs. and SRAMs. The 
120 ns' access time results from a high memory cell 
current (95 ,uA). low resistance poly-silicide wordlines. 
advanced scaled penpher>' transistors, and an opti- 
mized data-out buffer. 

The dense one-transistor cell structure, coupled with 
high array efficiency, yield a 512-kilobii die measunng 
227 bv 181 mils. 



TECHNOLOGY OVERVIEW 

Intel's ETOX-II flash memory technology is denved 
from lis standard CMOS EPROM process base. Using 
advanced 1.0 um double-poiysilicon n-well CMOS 
technology, the o5.536 x 8-bit flash memory employs a 
3.8 um x 4.0 am single transistor cell. aiTordmg equiva- 
lent array density as comparable EPROM technology. 
The flash memorv- cell structure is identical to the 
EPROM structure, except for the thinner gate (tunnel) 
oxide. Figure 1 compares the flash memorv cell to the 
EPROM«ll. 

High quality tunnel oxide under the single floating 
polysilicon gate promotes electncal erasure. All ceils in 
the array are simultaneously erased via Fowler-Nord- 
heim tunneling. Applying 12V on the source junctions 
and grounding the select gates erases the entire array in 
one second (typical). Programming is accomplished 
with the standard EPROM mechanism of hot electron 
mjection from the cell drain junction to the floating 
gate. Programmmg is initiated by bnnging both the se- 
lect gate and the cell drain to high voltage. Program- 
ming occun at a typical rate of 10 ^s per byte. 
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Command Port 

One feature which differentiates Intel's 512-lcilobit flash 
memorv* is the command pen architecture, illustrated 
in Figures 2 and 3. 

The command pon simplifies microprocessor control of 
the erase, erase verify, program, program venfy, and 
read operations, without the need for additional control 
pms or the multiplexing of high voltage with control 
functions. On-chip address and data latches minimize 
system interface logic and free the system bus dunng 
erase and program operations. High voltage (I2V) on 
the Vpp pin enables the command pon. In the absence 
of this high voltage, the command pon defaults to the 
read operation, inhibiting erasure or programming of 
the device. 
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Figure 1. EPROM Cell vs. Flash Memory Cell 

The command pon consists of a command register, 
command decoder and state latch* the data-in latch, 
and the address latch. The command decoder output 
directs the operation of the high voltage flash-erase 
switch, program voltage generator, and the 
erase/program venfy voltage generator. 

Functions are selected via thd command pon in a mi- 
croprocessor wnie cycle controlled by the Chip-Enable 
and Write-Enable pins. Contents of the address latch 
are updated on the falling edge of Write-Enabie. The 
nsing edge of Wnte-Enable latches the command and 
data registers, and initiates operations. 
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Erasure 

Erasure is achieved throuffh ^^ r».« 

inrougn 3 [wo^tep wnte seauence. 
I ne erase sci-up coae is wntten t.^ .u -1 

. - . , the command reeis- 

ler in the lirst cvcie. The erase r««r 

, ' . , Ir^^ confirmation code is 
wntien in ihe second cvcle. The n^.n« ^ .l 

\i- c 1 . ^ "^^'ng edae of this sec- 

ond Wnte-Enabie pulse initiates rh* 

erase swiich. connectina the 12V sunnk- . "-^ 

Of all b,.s .n Ihe array, while all wor5E„J° '""'f 

^ . V ^1. . ^"Jiines are ground- 

ed. Fowier-Nordhcim tunneling resuifL m »u " 

- ,, . ^ the simu la- 

ncous erasure ot all bus. 

The arrav source switch, shown in Fieur*> s 
I I * c^j'C 4, switches 

nigh voltage onto the source junctions. Dunna erasure 
the high- voltage latch formed by M5 throueh .Vt8 en- 
iibies transistor Ml 5. Transistor Ml 5 pulls^he arrav 
source up to l.V. Transistor MI6 pulls the source to 
ground dunng read and program operations. 

To obtain fast erase times, the device must suppK- the 
grounded gate breakdown wurrent which occurs on the 
sources of the memory array. The upper boundary for 
current sourcing cananiliiy of .Ml 5 is set bv the rnaxi- 
m^um allowable suosiraie current. If Vpp is raised to 
i:v before V^^^ ,s above appro.xtmaieiy 1.8V. the low 
CC detect circuit termed bv transistors MI to M4 
dnves the node LOW V^c to ^V. Transiston M9 to 
Mil then force the era.se circuit into a non-erase state 
with M15 off and .Ml 6 on. When \'cc nses above 1.8 V 
rhe cnip will be reset into the read state. 

Wnimg the erase venfy code into the command register 
terminates erasure, latches the address of the bvie to 
venty. and sets the tntemallv -generated erase margin 
voltage. The microprocessor then accesses the output 
irom the addressed byte usine standard read timings. 
The verity procedure repeats for all addresses. Should a 
oyte ."^quire more time to reach the erased state, anoth- 
er erase operation is applied. The erase and \enfv oper- 
ations continue until the enure arrav is erased. ' 



Programming 

Programming follows a similar now. The program set- 
up command is wniten to the command register on the 
iirM cycle. The second cycle loads the addr'ess and data 
latches. The nsmg edge of the second Wnte-Enable 
pulse initiates programmmg by appiyine hieh voltage to 
the gates and drams of the bus to be programmed' 

Wnting the program venfy command to the register 
terminates the programming operation and applies the 
program venfy voltage to the newly programmed byte 
Again, the addressed byte can be read usine standard 
microprocessor read timings. Should the addressed byte 
require more time to reach the programmed state, the 
programming operation and venilcation are repeated 
until the byte is programmed. 



DEVICE RELIABILITY 
Cell Margining 

Erase and program verification ensure the data reten- 
tion of the newly altered memory bits. The ceil margin- 
ing performed in the Quick-Pulse ProgrammingTM and 
Quick-EraseTM algonthms is more reliable than histon- 
cal overpuismg schemes as margining tests the amount 
of charge stored on the floating gate^ 

Intel's flash memones employ a unique circuit to inter- 
nally generate the erase and program venfv voltages. 
Figure 5 shows a simplified version of the circuit, the 
circuit consists of a high voltage switch and the venfy 
voltage generator. Transistors Ml throueh M4 consii'- 
lutc the high voltage switch which disconnects Vpp 
from the resistor when the device is not m the verify 
mode. The venfy voltage generator includes a resistor 
divider and a buffer Internal margin voltage generation 
maintains microprocessor compatibility bv eliminating 
the need for external reference voltages. 

Erase/Program Cycling 

One of the most significant aspects of the 2SF5I2 is its 
capability for a minimum of 10.000 erase/program cy- 
cics. Destructive oxide breakdown has been a limiting 
factor in extended cycling of thin oxide EEPROMs. 
Inicl's ETOX-II flash memory technology extends cy- 
cling performance through: improved tunnel oxide pro- 
cessing that increases charge carrying capability ten- 
fold: reduced oxide area under stress mmimizing proba- 
bility of oxide del*ects in the region: and reduced oxide 
stress due to a lower peak electnc field (lower erase 
voltage than EEPROM). 

A typical cell erase/program margin (Vt) is shown as a 
lunciion of reprogramming cycles in Fieure 6. After 
10.000 reprogramming cycles, a 2.5V program read 
margin exists, ensunng reliable data retention. Acceler- 
ated retention bake expenments. tor devices with 
V^'^f ^^^^^-^^^"^^^^ cycles, show minimal program 

Reliable erase/ program cycling also requires proper se- 
lection of the erase Vt maximum and maintenance of a 
tight Vt disinbution. The maximum erase Vt is set to 
3.2V via the erase aigonthm and the internal erase veri- 
fy circuits. Supcnor oxide quality gives an erase Vt dis- 
tnbution width that improves slightiv with cvcling 
(Figure ?). The tight erased Vt disinbution gives an 
order of magnitude of erase time margin to the fastest 
erasing ceil (Figure 8). 

Figures 0 and 10 illustrate typical programming per- 
formance over vanations in temperature and Vpp. Fig- 
ures 1 1 and 12 depict typical erase performance versus 
temperature and Vpp. As seen in these figures, the 
-3F512 penorms extended erase and program cycling 
well v^ithin the performance boundanes of the program 
and erase aiaonthms. 
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SUMMARY 

Intel's ETOX-II fla^h memon- technology is a break- 
through in adding eiecincal chip-erasure to high-densi* 
ly EPROM technology. Intel's 28F5I2 CMOS flash 
memory otTers the most cost-effective and reliable alter- 



native for rcad/wnie random access nonvolatile memo- 
r>'. Microprocessor-compatible specifications, straight- 
forward inierfacing» and in-circuit alterability allow de- 
signers to easily augment memory flexibility and satisfy 
the need for nonvolatile storage m today's designs. 
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Figure 2. 28F512 Block Diagram 
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Figure 3. Command Port Block Diagram 
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Figure 6. Array Vt vs. Cycles 
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Figure 7. Erase Vt Distribution vs. Cycling 
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Figure 8. Array Erase Vt vs. Erase Time 
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Figure 9. 28F512 Typical Programming Time vs. Temperature 
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Conditions: Temperature = 70*C 
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Figure 10. 28F512 Typical Programming Time vs. Vpp Voltage 
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Figure 11. 28F512 Typical Erase Time vs. Temperature 
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Conditions: Temperature = (TC 
Excludes OOH Programming 
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Figure 12. 28F512 Typical Erase Time vs. Vpp Voltage 




Figure 13. 28F512 Die Photograph 
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Figure 14. 28F512 Pin Configurations 
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Columns are numbered 0 through 51 1 bcgmnmg with the column nearest the X-decodcr. 
Outputs are grouped as follows: 
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Figure 15. Bitline Decoding 



\. DECODING: \V*ordIines are numbered 0 through 51 1 bcgmnmg at the top of the array. 
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Figure 16. Wordline Decoding (Continued) 
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X-DECODING: Wordlines are number 0 through 511 beginning at the top of the 
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Figure 16. Wordllne Decoding (Continued) 
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INTRODUCTION 

Intel's 23F010 ETOXTm.h (EPROM tunnel ojude) 
flash memon* adds electncal chip erasure and repro- 
gramming lo EPROM non-volatiliry and ease of use. 
Advances m tunnel oxides and photolithography have 
made it possible to develop a double-poiysilicon single- 
transistor read/wnte random access nonvolatile memo- 
r>'. capable of greater than 10.000 reprogramming cy- 
cles. The 28F010 flash memor>' eiectncally erases all 
bus m the array matrix via electron tunneling. The 
EPROM programmmg mechanism of hot electron m- 
jection IS employed for electrical byte programming. 

A command port interface, mtemal ma'*gin voltage 
generation, and address and data latches augment stan- 
dard EPROM circuitr> to make Intel's 28F010 the 
highest density CMOS flash memory for microproces- 
sor-controlled reprogramming. 

Read iimmg parameters are equivalent to those of 
CMOS EPROMs. EEPROMs. and SRA.Ms. The 
\25 ns access time results from a high memory cell 
current (95 uA). low resistance poly-silicide wordlines. 
advanced scaled peripher>- transistors, and an opti- 
mized data-out buffer. 

The dense one-transistor cell structure, coupled with 
nigh array efficiency, yields a one megabit die mcasur- 

me 115 bv 165 mils. 



DEVICE ARCHITECTURE 
Command Port 

One feature which differentiates Intel's one-megabit 
flash memory is the command pen architecture, illus- 
trated in Figures 2 and 3. 

The command port simplitles microprocessor control of 
the erase, erase venfy. program, program venfy. and 
read operations, without the need for additional control 
pins or the multiplexing of high \oliage with control 
functions. On-chip address and data latches minimize 
system interface logic and free the system bus dunng 
erase and program operations. High voltage (12V> on 
the Vpp pin enables the command pon. In the absence 
of this high voltage, the command pon defaults to the 
read operation, inhibiting erasure or programmmg of 
the device. 
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TECHNOLOGY OVERVIEW 

Intel's ETOX-II flash memorv* technology is denved 
from lis standard CMOS EPROM process base. Using 
advanced I.O um double-polysilicon n-well CMOS 
technology, the 1} 1.072 \ 8 bit flash memor\- employs a 
3.8 am .x 4.0 um single transistor ceil, affording equiva- 
lent array density as comparable EPROM technology. 
The flash memory cell structure is identical to the 
EPROM structure, except for the thinner gate (tunnel) 
o.xide. Figure 1 compares the flash memorv cell to the 
EPRO.M cell. 

High quality tunnel oxide under the single floating 
polysihcon gate promotes electncal erasure." All cells in 
the array are simultaneously erased via Fowler- 
Nordheim tunneling. Applying 12 V on the source junc- 
tions and grounding the select gates erases the enure 
array in two seconds (typical). Programming is accom- 
plished with the standard EPRO.M mechanism of hot 
electron injection from the cell drain junction to the 
floating gate. Programming is initiated by bnnging both 
the select gate and the cell dram to high voltage" Pro- 
gramming occurs at a rate of 10 ^s per byte. 
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Figure 1. EPROM Cell vs. Flash Memory Cell 

The command pon consists of a command register, 
command decoder and state latch, the data-in latch, 
and the address latch. The command decoder output 
directs the operation of the high voltage flash-erase 
switch, program voltage generator, and the erase/pro- 
gram venfy voltage generator 

Functions are selected via the command pon in a mi- 
croprocessor write cycle controlled by the Chip-Enable 
and Wnte-Enable pins. Contents of the address latch 
are updated on the falling edge of Wriie-Enable. The 
nsmg edge of Wnte-Enable latches the command and 
data registers, and initiates operations. 
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Erasure 

Erasure is achieved through a two-step write sequence 
The erase sct-up ccxle is written to the command rens 
ter in the first cycic. The erase confirmation codcis' 
written in the second cycie. The rising edge of this sec- 
ond Wriie-Enabie puise initiates the erase operation' 
The command decoder tnggers the high voiuge flash- 
erase switch, connecimg the 12V supply to the source" 
of ail bits in the array, while all wordlines are ground- 
ed. Fowicr-Nordhcim tunneling results in the simuita' 
neous erasure of all bits. 

The array source switch, shown in Figure 4. switches 
high voltage onto the source juncii-ns. Dunn'g erasure 
the high voltage latch formed by ivl5 through Vf8 en 
abics transistor Ml 5. Transistor MI5 puUs the arraJ 
source up lo 12V. Transistor M16 pulls the source to 
ground dunng read and program operations. 

To obtain fast erase times, the device must supply the 
grounaed gate breakdown current which occurs on the 
sources of the memory array. The upper boundary for 
current sourcing capability of M15 is set by the maxi- 
mum allowable substrate current. If Vpp is raised to 
12V before Vqc »s above approximately I.gV. the low 
Vcc detect circuit formed by transistors Ml to M4 
dnves the node LOW Vcc to 9V. Transistors M9 to 

V .*.f? ^ non-erase state 

with MI5 off, and M16 on. When Vcc rises above 1.8V, 
the chip will be reset into the read sute. 

Writing the erase verify code into the command register 
terminates erasure, latches the address of the byte to 
vcnfy. and sets the intemally-generated erase margin 
voltage. The microprocessor then accesses the output 
from the addressed byte using standard read timings. 
The venfy procedure repeats for all addresses. Should a 
byte require more time to reach the erased state, anoih- 
er erase operation is applied. The erase and verify oper- 
ations continue until the entire array is erased. ' 

Programming 

Programming follows a similar flow. The program set- 
up command is wniien to the command register on the 
first cycle. The second cycle loads the address and data 
latches. The nsing edge of the second Writc-Enable 
pulse miiiaxes programming by applying high voltage to 
tTie gates and drams of the bits to be programmed. 

Writing the .program verify command to the register 
terminates the programming operation and applies the 
program venfy voltage to the newly programmed byte 
Again, the addressed byte can be read using standard 
microprocessor read timings. Should the addressed byte 
require more time to reach the programmed state, the 
programming operation and venfication are repeated 
until the byte is programmed. 



DEVICE RELIABILITY 
Cell Margining 

Erase and program verification ensure the dau reten- 
tion of the newly altered memory bits. The cell margin- 
ing performed in the Quick-Pulse Programming^ and 
Quick-EraseTM algorithms is more reliable than histori- 
cal overpulsing schemes as margining tests the amount 
of charge stored on the floating gate. 

Intel's flash memories employ a unique circuit to inter- 
nally generate the erase and program verify voltages. 
Figure 5 shows a simplified version of the circuit. The 
circuit consists of a high voluge switch and the verify 
voltage generator. Transistors Ml through M4 consii- 
tute the high voltage switch which disconnects Vpp 
from the resistor when the device is not in the verify 
mode. The verify voltage generator includes a resistor 
divider and a buffer. Internal margin voltage generation 
maintains microprocessor compatibility by eliminating 
the need for external reference voltages. 



Erase/Program Cycling 

One of the most significant aspects of the 28F010 is its 
capability for a minimum of 10.000 erase/program cy- 
cles. Destructive oxide breakdown has been a limiting 
factor in extended cycling of thin oxide EEPROMs. 
Inters ETOX-II flash memory technology extends cy- 
cling performance through: improved tunnel oxide pro- 
cessing that increases charge carrying capability ten- 
fold: reduced oxide area under stress minimizing proba- 
biiity of oxide defects in the region: and reduced oxide 
stress due to a lower peak electnc field (lower erase 
voltage than EEPROM). 

A typical cell erase/program margin fVt) is shown as a 
function of reprogramming cycles in Figure 6. After 
10.000 reprogramming cycles, a 2.5V program read 
margin exists, ensuring reliable data retention. Acceler- 
ated retention bake experiments, for devices with 
10.000 reprogramming cycles, show minimal program 
Vt shift. 

Reliable erase/program cycling also requires proper se- 
lection of the erase Vt maximum and maintenance of a 
tight Vt distribution. The maximum erased Vt is set to 
3.2V via the erase algonthm and the internal erase veri- 
fy circuits. Superior oxide quality gives an erased Vt 
distribution width that improves slightly with cycling 
(Figure 7). The tight erase Vt distribution gives an or- 
der of magnitude of erase lime margin to the fastest 
erasing cell (Figure 8). 
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Figures 9 and 10 illustrate typical programming per- 
formance over vanations m temperature and Vpp. Fig- 
ures 11 and 12 depict typical erase pcnormance versus 
temperature and Vpp. As seen tn these figures, the 
28F010 performs extended erase and program cycling 
well within the performance boundaries of the program 
and erase algonthms. 



SUMMARY 

Intel's ETOX*II flash meihory technology is a break- 
through in adding electrical chip-erasure to high-densi- 
ty EPROM technology. Intel's 28FOIO CMOS flash 
mcmorv' offers the most cosi-efTective and reliable alter- 
native for read/wnte random access non-volatile 
memory. Microprocessor-compatible specifications, 
straightforward interfacing, and m circuit alterabihty 
allow designers to easily augment memory flexibility 
and satisfy the need for nonvolatile storage in today's 
designs. 
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Figure 2. 28F010 Block Diagram 
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Figure 3. Command Port Block Diagram 
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Figure 4. Array Source Switch 
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Figure 5. Erase/Program Verify Generator 
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Figure 6. 1M Array VT vs. Cycles 
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Figure 7. Erase Vt Distribution vs. Cycling 
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Figure 8, Array Erase Vt vs. Erase Time 
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Figure 9. 28F010 Typical Programming Time vs. Temperat 
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CONDITIONS: TCMPePATURE = 70«C 
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Figure 10. 28F010 Typical Programming Time vs, Vpp Voltage 
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Figure 11. 28F010 Typical Erase Time vs. Temperature 
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CONDITIONS: TEMPERATURE = 0<*C 
EXCLUDES OOH PROGRAMMING 
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Figure 12. 28F010 Typical Erase Time vs. Vpp Voltage 
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Figure 13. 28F010 Die Photograph 
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Figure 14. 28F010 Pin Configurations 
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Columns are number 0 through 51 1 bcgmnmg wnh [he column nearest :he X-decoder. 
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Figure 15. Bitline Decoding 
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THE IMPORTANCE OF RELIABILITY 

Reliability of the non-volatile memories in your end 
product IS cntical to your total system reliability. The 
use of Intel flash memones can make a difference. Reli- 
ability is not just tested, but designed into each compo- 
nent Intel manufactures. 



Quality = Reliability 

A quality component is one that meets your specifica- 
tion ahcn received and tested. A reliable component 
continues to meet your specification even years after 
you have shipped your product. 

CONSIDER QUALITY VS. RELIABILITY 

The true cost of any component involves more than lust 
the purchase price. The true component cost encom- 
passes the miiial purchase pnce. cost of rework dunne 
system production, and the cost of field repairs due to 
component failures, "Rework" costs during s>stem 
production are incurred pnor to shipment of vour end 
product, and are a function of the quality of the compo- 
nent you purchase. 

Repair costs incurred in the field after end product 
shipntents, arc a function of the reliability of the com- 
ponents. In addition to the increasing real cost of a 
s>Mem field ^crMce call, there is the intaneibic cost of a 
poor reliability reputation to the end use of vour prod- 
uce These costs depend upon the reliabiliiv of the com- 
ponents sou purchase. Thus, reliability 'mav impact 
costs during the system lifetime more than the initial 
juaiit> of the components! 

In-circuii reprogrammabihty of flash memones enables 
the addition of production line testing and system level 
screening. This capability, along with the inherent reli- 
ability of Intel flash components, provides your svsrems 
^^iih significant reliability enhancements. Soldenng the 
Hash memory directly to the board enhances contact 
tnicgrii> Since ilash memories do not have to be re- 
moved for reprogramming. reliability nsk due to han- 
dling ts eliminated upon device installation. In addition, 
single socket testing reduces component handling dur- 
ing incoming inspection. 



Monitor Program 

Reliability is designed into each component Intel man- 
ufactures. From the moment the design is put to paper, 
stnngent reliability standards must be met at each step 
ror a product to bear the Intel name. 



Desigmng-in reliability, however, is only the beginning. 
Ongoing tests must be conducted to ensure that, the 
onginai reliability specifications remam as valid in vol- 
ume production as they were when the device was first 
qualified. 

Inters Reliability Monitor Program, deviled to mea- 
sure and control device reliability m production, is 
available to our customers. The Monitor Program sub- 
jects all of Intel's technologies to a 48 hour dynamic 
bum-m at 125*C (with a ponion of these devices con- 
tmued for a 1000 hour lifeiesi) and provides answers 
about device reliability that are not generally available 
from limited testing programs. When test rejects are 
encountered, failure analysis is performed on each 
failed pan. Isolating the fault and determining the fail- 
ure mechanism is a cntical pan of the Monitor Pro- 
gram. 

The pnmary* obieciivc is to deliver reliable, qualitv de- 
vices. .Actions that Intel takes to meet this objective 
may include a process or design change, or added reli- 
ability screen. Each decision is made with our custom- 
ers in mind so that they receive the pans — and the per- 
formance— that they ordered by specifying Intel. Reli- 
ability qualification assures thai all new production ma- 
lenal meets InteFs reliability standards. The Reliability 
Monitor Program ensures that these high standards are 
continually maintained over the duration of a device's 
life. This reliability improves the lifetime reputation of 
your product, reducing the required number of field 
service calls. 



ETOXTM FLASH MEMORY 
TECHNOLOGY OVERVIEW 

Inters ETOXTM and ETOX II (EPROM tunnel oxide) 
flash memory technologies' consist of a non-vol;iiilc 
memory cell that electncally erases in bulk array form 
Denved from Intel's CHMOS'- II-E EPROM technol- 
ogy, ETOX flash memory technology combines the 
EPRO.M program mechanism with the E-PROM erase 
mechanism. The memory cell is composed of a single 
transistor with a floating gate for charge storage, like 
the conventional EPROM. The pnmary difference be- 
tween fiash memory and EPROM cells is the Hash 
memory cell's thinner gate oxide, which enables the 
elecincal erase capability. This report compares and 
contrasts ETOX technology and EPROM reliability, 
descnbes InicKs flash reliability testing methodology, 
and summanzes the reliability data of IntcKs flash 
memones. 
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Figure 1. ETOX^ Flash Memory Cell during Programming (Side View) 
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Figure 2. ETOXTM piaah Memory Cell during Erase (Side View) 



Similarities with EPROM 

When m program mode, a flash memory behaves exact- 
ly like a convemional EPROM. A high dram voltage 
generates "HOT* electrons that are swept across the 
channel. High voltage on the control gate attracts these 
free electrons across the lower gate oxide into the float- 
ing gate, where they are trapped. Sec Figure 1. Thus, 
ETOX flash memory cells exhibit the same reliability 
characteristics as conventional EPROMs during pro- 
gram mode even with a thinner oxide. When in read 
mode, a flash memory behaves just like an EPROM. 



Differences from EPROM 

With respect to functionality, the major difference be- 
tween flash memory technology and EPROM technolo- 
gy lies with the erase mechanism. For EPROM cells, 
ultraviolet light neutralizes the charge on the floating 
gate, thus erasing the cell. For ETOX flash memory 
cells, an electric field across the lower gate oxide pulls 
electrons off the floating gate to the source region, thus 
erasing the cell. See Figure 2. This erase mechanism is 
an E*PROM adaptation using "Fowler-Nordheim'*(l) 
tunneling. The electric field during erase is the- only 
new stress compared to EPROM thai may impact over- 
all reliability. 
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Erase/Write Cycling 

Failure mechanisms iradition&iiy associated with cy- 
cling electrically cmable memories include charge loss 
due to defective bits, destructive oxide breakdown, and 
electron trapup. ETOX flash memory technology mini- 
mizes these failure mechanisms by improvements in 
process technology, reducing the electric field stressing 
the gate oxide, and usmg efficient erase/write algo- 
nthms 10 control programming and erasure. 

OXIDE QUALITY 

Thin oxides used in tunnelling have been a reliability 
C'.ncem for eiectricaJly erasable memories. The quality 
of the ETOX tunnel oxide is approximately 10 limes 
better than that of other tunnel oxide approaches. This 
breakthrough in tunnel oxide quality results from ex- 
plicit process improvements and through the implicit 
advantages of the ETOX flash cell approach. 

OXIDE BREAKDOWN 

Oxide breakdown, due to erase/write cychng. has also 
been a major reliability concern for thin oxide 
tunnelling. ETOX technology addresses this concern by 
reducing the amount of stress placed on the tunnel ox- 
ide dunng programming and erasure. First, erasing the 
flash cell involves tunnelling only through the gate/ 
source overlap, thus reducmg the area under stress. 
This, coupled with the improvement in oxide quality, 
lowers the probability of an oxide defect. Secondly, the 
flash cell is erased using a lower-voluge erase pulse, 
resulting in lower stress on the tunnel oxide. This lower 
eiectnc field across the tunnel oxide (lOMV/cm venus 
i:MV/cm) >ields a theoretical wear out time 10^ times 
longer than other E^PROM approaches. 

ELECTRON TRAPUP 

The phenomenon of electron trapup. the gradual reduc- 
tion of electron mobility through the tunnel oxide, re- 
sults m increasing program and erase times as cycling 
occurs. The program and erase algorithms must apply 
more pulses to add charge to or bleed charge off the 
floating gate to ensure dau retention and integrity. 
This is seen as a failure to program or erase within the 
algonthm's allowed time and not as a hard failure. The 
Quick-Pulse ProgrammingTM and Quick-EraseTM algo- 
nthms maintain an efficient program and erase time for 
the specified, number of cycles listed in the Hash memo- 
ry data sheets. 



ETOXTM FLASH MEMORY 
RELIABILITY TESTING 

Intel flash memories undergo comprehensive testing to 
insure electrical reliability. This testing is done at quali- 
fication and during ongoing monitor checks. 

Information on flash memory reliabihty testing proce- 
dures follows. 

High Temperamrc 5.25V Drnaraic Ufeteat— -This test 
is used to accelerate failure mechanisms by operating 
the devices at an elevated temperature of 125'C Dur- 
ing the test, the memory is sequentially addressed and 
the outputs are exercised, but not monitored or loaded. 
A checkerboard data pattern is used to simulate ran- 
dom patterns expected during aaual use. Results of 
lifetesting have been summarized along with the failure 
analysis. 

In order to best determine long-term failure rate, all 
devices used for lifetesting are subjected to standard 
INTEL testing. The 48 hour bum-in results arc an indi- 
cation of infant mortality and are not included in the 
failure rate calculation, (Sec Figure 3 for typical bum- 
in bias and timing diagrams.) 

High Temperature High Voltage Dynamic Lifeteft— 

This test is used to accelerate oxide breakdown failures. 
The test setup is identical to the one used for the dy- 
namic lifetest except Vcc is increased. The acceleration 
factor due to this test can be found in Table 2. This dau 
plus the standard dynamic lifetest dau are used to cal- 
culate the 0.3 eV failure rate (Sec Figure 4 for typical 
bias and timing diagram). 

Dtu Retention Bake — This test is used to accelerate 
charge loss from the floating gate. The test is performed 
by subjecting devices containing a 98% programmed 
pattern to a 23(rc bake with no applied bias. In addi- 
tion to dau retention, this test is used to detect me- 
chanical reliability problems (e.g., bond integnty) and 
process instability. 

Temperature Cycle— This test consisu of cycling the 
temperature of the chamber housing the subject devices 
from -65'C to + ISCTC and back. One thousand cy- 
cles are performed with a complete cycle uking 20 min- 
utes. This test is to detect mechanical reliability prob- 
lems and microcracks. 

Low Tenperaturc U/etest— This test is performed at 
- 1 0*0 to detect the effects of hot electron injection 
into the gate oxide as well as package related failures 
(e.g., metal corrosion, eic.).4- 
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ESD Testing— This test is pcnbrmed to validate the 
product s tolerance to Electro Static Discharge damage. 
All products incorporate ESD protection networks on 
appropriate pins. 

Two types of tests are pcrtormcd. First, all devices are 
tested using Mil STD 383 test cnicna. In addition, a 
charged device test is performed to funher validate pro- 
tection occurnng during mechanical handling. 

EraseA^rite Cycling (ETOX™ Flash Memories)— 
This test consists of repcaredl) programming the device 
10 an all OOH pattern and then erasing to all OFFH 
data. Worst case voltage levels are used to maximize 
charge transfer to and I'rom the floating gates. Cycling 
IS used 10 ensure device^ meet rcprogrammability re- 
quiremcnt:» as uell as precondition for other reliability 
stresses. 



Failure Rate Calculations 

Failure rate calculations are given for each relevant ac- 
tivation energy Failure rate calculations are made us- 
mg the appropnate cnergv <:.3.4.5> the Arrhcnius 
Plot as ^hown in Figure 5'. The total equivalent device 
hours at a given temperature can be determined. The 
failure rate is then calculated b\ dividing the number of 
failures by the equivalent device hours and is expressed 
as a ^c/\QO0 hours. To arnvc at a confidence level as- 
sociated failure rate, the failure rate is adjusted oy a 
factor related to tne numoer of device hours usme a 
chi-square distnbution. A conservative estimate of the 
failure rate is obtained by including zero t'ailures at 0.3 
eV Devices submitted to <itresses other than lifetest re- 
ceived a 168 hour lifetest pnor to stressing. 

•NOTE: 

The activation energies tor various failure mechanisms 
are listed in Tabic I. The methodology for caiculatine 
failure rates is detailed in Appendix a' 
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Figure 5. Arrhenius Plot 

Table 1. Failure Mechanism Activation 
Energies Relevant to ETOX Flash Memories 



Failure Mode 


eV 


Oxide 


0.3 


SBCL/SBCG/MBCL/MBCG 


0.6 


Contaminatton 


1.0 


Speed Degradation 


0.3-1.0 


Intrinsic Charge Loss 


1.4 


Contact Sotking 


0.8 



A typical lifetest bias and timing diagram is shown in 
Figure 4. 
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i Supply Oxide Operating i . . ^ 
Type I Voltage » Thickness J Stress i Acceleration Factor at _% Over Stress 
! (Vo'ts) I (A) j (MV/CM) I j 3^.^ , , I 

: CHMOSIIE I 5 ! 400 i 1.25 I 7.5 I 55 1 422 j 3162 | 5.6E-5 ; 

j CHMOSIliE ; 5 ! 235 I 2.13 I 3.7 | 13.4 ! 49.1 j 658 1 4.3E^5 I 

! ETOX^M ■ 5 i 400 i 1.25 I 7.5 | 55 ! 422 ! 3162 i 5.6E"re j 

' ETQXIl 1 5 I 235 i 2.13 j 3.7 i 13.4 ! 49.1 i 658 i 4.3E-S ! 

ASSUMES: 

' No Dras generators 

2. Deotetion loaos 

3. Failure rate caicuiations use the appropnate acceleratron factor for stress voltage and maxifnum operating voltage (con- 
servative). 

^ See reference 7 for VAP determination. 

Table 2. Tlme<Oependent Oxide Failure Acceleration 



RELIABILITY DATA SUMMARY 

The foliowine data is an accumuiation of recent qualifi- 
cation and monitor program results. Failure rate caicu- 
laiion methods listed m Appendix A were used to ar- 
rive at rhc tabuianzed failure rates. 

In reviewmg the reliability data as presented, questions 
may anse as to why lot sizes often decrease from one 
test to another without a corresponding number of 
identified failures. This is due to a variety of factors. 
Many tests require smaller sample sizes and as a result 
all parts from a previous test do not necessarily flow 
mrough to a succeeding test. 

In addition, vanous parts are pulled from a sample lot 
w.hen mechanical or handler failures occur. These "fail- 
ures'* are not a result of the specii'ic test just completed 
riui are nonetheless removed from the sample lot size 
and are not included m any failure rate calculation. It 
can also happen that a panicuiar test is done incorrect- 
1> through human error or faulty test equipment and 
"invalid" failures are put aside for reiesting at a later 
date, decreasing the lot size for a succeeding test. If 
these parts are found to be truly defective, they are 
treated as failures and listed. If they test out properly, 
they are removed from any calculation data base. 
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tailed in Appendix A. 
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The Intel :7F64 (CERDIP) is a 64K Elcctncally Bulk- 
Erasable Flash Memorv*. 

Number of Bits: 65.536 
Organization: 8.192 x g 

Pin Out: 28-pin CERDIP 

Die Size: 115 132 mils 



Process: 
Cell Size: 

Programming Voltage: 
Technology: 



ETOXTM Hash Memory- 
6.0 X 6.0 
12.75 VOLTS EXTERNAL 
CMOS 



Table 1. Reliability Data Summary 



Year 



Burn-In 



125XDynamic Lifetest 



7.0V Dynamic Lifetest 



48 Hours I 168 Hrs i 500 Hrs I IK Hours j 2K Hrs i 48 Hrs I 168 Hrs I 500 Hrs | IK Hrs 



1988 -i 0/3615 i 1/3602 ! 1/9r- :' 0/990 ' Q/990 ! 0/432 | 0/432 | 0/432 1 0/432 



Total ' 0/3615 ; 1/3602 ' 1/992 



0/990 I 0/990 I 0/432 j 0/432 | 0/432 I 0/432 



Table 2. Additional Qualification Tests 



Year 



, Program/Erase 

i 

; Cycling 

I 100 



250*0 Data Retention Bake 



48 Hours 



168 Hours 



500 Hours 



20K Noncycled Cycled ; Noncycled Cycled ; Noncycled | Cycled 



1988 I 0/1396 I 0/100 



0/125 



0/390 



0/125 



2/390 



Total I 0/1396 ! 0/100 



0/125 



1/125 



1/388 



0/390 



0/125 



2/390 



1/125 



1/388 



Farlure Analysis: A— Single Dit cnarge loss 



125'C Actual 
Device Hours 


i Ea 

( eV ! 


Equivalent Hours 


# 

Fail 


Failure Rate 
%/ IK Hours 
(60% U.C.L.) 




• 


src 


70-C 




55'C 


1 7(rc 


2.25E - 06 
: 4.32E - 05 


0,3 SI - ELT 
0.3HVELTVAF* 1 


1.33E - 07 
1.08E - 09 


8.40E -r 06 
6.80E - 08 


0 
0 


0.00008 


0.00013 


2.69E - 06 


0.6 81 - ELT - HVELT ! 


9.20E - 07 


3.60E - 07 1 


2 


0.0045 


0.0110 


2.69E - 06 i 


1.0 Bl -r ELT - HVELT J 


9.60E - 08' . 


2-OOE • 07 1 


0 


0.0009 


0.0046 






Combined Failure Rate: 


0.0054 


0.0157 


*VAF (Vnltane Arrpi 








FITs: 


54 


157 



.NOTE: 

125-C Oynam.c Lifetest and 7.0V Dynam.c Lifetest samples each contain a split between units 
before stress and tnose wnich did not. 



whicn saw 100 p/e cycles 
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28F256 

The Intel 28F236 is a 256-kilobii bulk-erasable flash memorv. 



Number of Bits: 
Organization: 
Pin Out: 
Die Size: 



262.144 
32.768 X 8 
32-pin CERDIP 
181 X 203 mils 



Process: ETOX™ Rash Memory 

Technology: CMOS 
Cell Size: 6.0 x 6.0 ^M 

Programming Voltage Options: (PI) 12.0V •^/-5% 

Table 1. Reliability Data Summary 



t 

' Year 

i 


Burn-In 


125*C Dynamic Ufetest 






7.25V Dynamic Ufetest 




48 Hours 


168 Hrs j 500 Hrs 


1K Hours j 2K Hrs 


48 Hrs 


168 Hrs 


500 Hrs 


IK Hrs i 2KHr« 


! 1966 


1/17622 


1/17620 i 1/945 1 


0/941 ! 


0/430 


0/458 


0/456 


0/456 ! 


0/152 1 


0/95 


; 1989 


0/5428 


0/5426 1 0/432 i 


0/432 i 


0/332 


0/466 


0/466 


0/215 ! 


0/215 1 




! Total . 


1/23050 


1/23046 1 1/1377 I 


0/1373 ! 


0/752 


0/924 


0/922 


0/671 1 


0/367 1 


' 0/95 




A 


B 1 c ! 


i 
1 










1 





Table 2. Additional Qualification Tests 





Program/Erase 






250*C Data Retention Bake 






: Year 


Cycling 


48 Hours 


1 168 Hours 


500 Hours 




100 


Noncycied 


Cycled 


! Noncycied 


Cycled 


Noncycied 


Cycled 


1 1988 


0/1867 


0/735 


1/437 


' 0/733 


2/436 


1/585 


3/143 


1989 ' 


0/800 


0/900 


0/500 


1/874 


0/500 


5/873 


1/497 


• Total : 


0/2667 


0/1635 


1/937 


1/1607 


3/936 




6/1458 


4/640 




1 




0 


D 






D 


E 



Year 




Temperature Cycling 






Thermal Shock 




200 Cycles i 500 Cycles ! 


1K Cycles 


50 Cycles 


' 200 Cycles i 


500 Cycles 


1988 


0/233 


1 0/223 i 


0/223 


0/224 


! 0/224 j 


0/224 


1989 . 


0/175 


1 0/175 i 


0/175 


0/125 


! 0/125 i 


0/125 


' Total ' 


0/398 


! 0/398 1 


0/398 


0/349 


1 0/349 1 


0/349 





NOTE: 

The 250*C Data Retention Bake samples labeled "Noncycted * recetveo no program/erase cycling pnor to Bake. "Cycled" 
units first saw 100 p/e cycles. 
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^8F2S6 Failure Rate Prediction 



125*C Actual 
Device Hours 


Ea 

(eV) 


! 

Equivalent Hours I # 

\ Fail 


Fall Rate 
%/1K Hours 


55*C 1 7(rc 1 


55-C 1 7(rc 


1 4.66 A 106 
! 6.56 > 105 


0.3 Bl j 2.74 X 107 
0.3 > VAF ! 2.12 r loe 


1.78 107 ! 0 I 
1.38 > 108 ' 0 1 




• TOTAL 0.3 eV Failures = 0 | 0.0001 


0.0001 


. 4.66 • 106 
i 6.56 105 


0.6 Bl i 1.62 ^ 108 
0.6 HVELT I 2,27 :< ^Q7 


6.81 ^ 107 ; 2 j 
9.58 106 : 0 j 


t 


! TOTAL 0.6 eV Failures = i 2 | 0.0017 


0.0040 


I 4.66 106 
I 6.56 - 105 


1.0 Bl j 1.72 V 109 
1.0 HVELT 1 2.42 x 108 


4.07 - 108 i 0 ! 
5.73 107 i 0 ! 




TOTAL 1 0 


eV Failures = 1 0 | 0.0000 


0,0002 


r : ■ — ' , 

1 i 

i 1 


Comoined Failure Rate: 
fits: 


0.0018 
18 


0.0043 
43 



BjA = 79''C/W 

Vcc = 5.25V 
!cc@55 = 18 mA 
Ice @70 = 17 mA 
Ice @125 = 16 mA 



Temp with B jp^ 
T(55) = 335.6K 
T(70) = 350.2K 
T(125) = 404.7K 
T(250) = 523. IK 
k = 8.62E-05eV/K 



Thermal Accel. Factors 



BI/ELT 

Accei. 

Factors: 



0.3 
0.6 

1.0 



55'C 
5.686 
34.65 
368.3 



70*C 
3.821 
14.60 
87.24 



Voltage Accel. Factor (VAF) 

for HVELT on this process is = 422.0 

Failure Analysis: 

A. l.Srngie Dit Charge gam (pass, defect) 
3. i-Stngie on criarge gam (metal oefectl 
C. I'-Muitiote Dit cnarge loss {pass, aefect) 
0. 1-Smgie oit cnarge loss 
E. 3-Smgfe Dit charge loss 
i-Ooen Bond wire 
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28F512 

The Intel :SF5!2 is a 512-Kbii bulk-crasabie flash memor>'. 

Number of Bits: 524.288 Process: ETOX II Flash Memory 

Organization: 65.536 x g Technology: CMOS 

Pin Out: 32-pin CERDIP/PLCC Cell Size: 3.8 x 4.0 ^M 

Die Size: 227 - 181 mils Programming Voltage Options: 12.0V r 5 9c 



Table 1. Reliability Data Summary 


. Year 


Burn-in 


125"C Dynamic Lifetest 




7.0V Dynamic Lifetest 




48 Hours 


168 Hrs 


1 500 Hrs 


IK Hours 


48 Hrs 


168 Hrs 


500 Hrs 1 


1KHrs 


1969 


0/100 


1/100 


i 0/?: 


1/99 


0/300 


0/299 


0/298 ; 


1/220 ; 


Total 


0/100 


1/100 


: 0/99 


1/99 


0/300 


0/299 


1/298 1 


1/220 






A 




B 






c 1 


D 



Table 2. Additional Qualification Tests 
Program/Erase 250*C Data Retention Bake 



Year 


Cycling 


t 48 Hours 


168 Hours 


500 Hours 




10K 


Noncycled ' Cycled 


Noncycled 


Cycled 


Noncycled 


Cycled 


' 1989 i 


2/706 


i 1/63 ! 0/62 


0/62 


0/62 


0/62 


0/62 


Total ' 


2/706 


1/63 ! 0/62 


0/62 


0/62 


0/62 


0/62 




D 


E ! 











Year 


Temperature Cycling 




Thermal Shock 


200 Cycles 500 Cycles i 1K Cycles 


50 Cycles 


200 Cycles 


500 Cycles 


1989 


0/80 0/80 0/80 


0/79 


: 0/79 


0/79 


Total 


0/80 0/80 i 0/80 


0/79 


0/79 


0/79 



NOTE: 

250'C Oata fletention Sake *Cycted" units received 10.000 orogram/ erase cycles pnor to Bake. 125*0 Dynamic Lifetest 
ana ^ OV Dynamic Litetest samples contain a mix of cycted and uncycied matenat. 
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28P512 Failure Rate Prediction 



12rC Actual 
Device Hours 


Ea 

(aV) 


Equivalent Hours 


# 

Fall 


Fail Rate 
%/lK Hours 


src 1 7(rc 


src 1 7crc 


9.44 X 10^ 
2.59 X 105 


0.3 Bl 
0.3 X VAF 


5.65 X 105 
1.43 X I0fl 


3.68 X 105 
9.46 X 107 


0 
0 






! TOTAL 0.3 eV Failures = 


0 1 0.0006 i 0.0010 


1 9.44 y 10* 
1 2.59 X 105 


0.6 Bl 
0.6 HVELT 


3.39 X 106 
9.29 X 10€ 


1.42 X 106 
3.91 X 106 


1 
0 






TOTAL 0.6 eV Failures = 


1 • 0.0159 


0.0386 


, 9,44 X 10^ 
1 2.59 X 105 


0.6 Bl 

0.6 HVELT 


1.12 X 107 
3.07 X 107 


3.52 X 106 
9.66 X 106 


0 
2 






! TOTAL 0.8 eV Failures = 


2 


0.0074 


0.0242 


9.44 X, 10^ 1 1.0 Bl 
' 2.59 ^105 1 1.0 HVELT 


3.68 X 107 
1.01 X 108 


8.71 X 106 
2.39 X 107 


1 

0 






TOTAL 1.0 eV Failures = 1 


0.0015 


0.0060 


1 
1 




Combined Failure Rate: 
fits: 


0.0254 
254 


0,0702 
702 



Thermal Accel. Factors 



BjA = 59*C/W Temp with $ ja 55'C 70*C 

Vcc = 5.25V T(55) = 332. IK BI/ELT 0.3 3.845 

lcc'^55 = i3mA T(70) = 346.8K Accel. 0.6 35.93 14.87 

lcC@70=l2mA T(125) = 400.6K 0.8 118.6 36.29 

icc<^i25 = 8mA T(250) = 523.1 K Factors: 1.0 391.2 89.09 

k = 8.62E-05eV/K 



Voltage Accel. Factor (VAF) 

for HVELT on this process rs = 93.3 

A Multiple Dit cnarge loss (contamination) 

9. Single Dit cnarge loss 

C. i-Vmin (3ue (0 single leaky cot 

0. 1 -Basic function due to singie leaky col 

E. 1 -Adjacent column failure due to metal stnnger 
1 « iSB Failure Analysis pending assumed valid 

F. 1 -Multiple Dit cnarge loss 
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28F010 

The Intel 28F010 is a l024.Kbit bulk<rauble flash memory. 



Number of Bits: 
Organization: 
Pin Out: 
Die Size: 



1,048,376 
2(512 X 1024) 
32.pin CERDIP 
225 X 265 mils 



Process: 
Technology: 
Cell Size: 

Programming Voluge 



ETOXTM n Rash Memory 
CMOS 

3.8 X 4.0 fiM 
12.0V t5% 



Tab4« 1. R«llaMI^ Data Summary 



Yaar 


Buf7Y-ln 


1 


25*C Dynamic Ufataat 


7.0V Dynamic Uf etest 


4« Hours 


IMHrs 


500 Hra 


IK Hours 


2K Hra 


46Hr« 


168 Hra 


500 Mrs 


IKHra 


2K Mrs 


1969 


0/530 


0/500 


1/500 


1/499 


1/96 


0/698 


1/697 


1/697 


2/695 


1 '96 


Total 


0/530 


0/500 


1/500 


1/499 


1/98 


0/696 


1/697 


1/697 


2/695 1 1/96 








A 


B 


A 




B 


B 


C I B 



Tabia 2. Additional Qualification Teata 





Program/ Eraaa 


250*0 Data Ratentlon Bake 


Yaar 


Cycll 


ng 


48 Hours 


168 Hours 


500 Hours 




10K 


100K 


Noncydad 


Cydod 


Noncyclad 


Cylcod 


Noncyclad 


Cycled 


1989 


13/2169 


3/48 


0/306 


0/307 


0/306 


0/307 


0/85 


0/120 


Total 


13/2169 


3/48 


0/306 


0/307 


0/306 


0/307 


0/85 


0/120 




0 


E 













Year 


Tei 


mperature Cycling 




Thermal Shock 




200 Cyclea 


500 Cyclea 


IKCydes 


50 Cycles 


200 Cycles 


500 Cycles 


1989 


0/369 


0/369 


0/369 


0/318 


0/318 


0/318 


Total 


0/369 


0/369 


0/369 


0/318 


0/318 


0/318 








1 







MOTt 

f2r?ov*^m!rf.'l.!!.^ program/erase cyclea poor to Bake. 125-C Dynamic Ufetest 

and 7.0V Dynamic Ufetest samples ctjntam a mix of cycled and uncycied matenal. 
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28F010 Failure Rate Prediction 



125*C Actual 
D«vic« Hours 


Em 

(tV) 


Equivalent Hours 


0 

Fall 


Fall Rata 
%/1K Hours 






55*C 


7(rc 






7(rc 


5735 

7.920 X 105 


0.3 Bl 
0.3 X VAF 


3.52 X 106 
4.56 X 106 


2.24 X 106 
2.91 X 106 


0 

1 








TOTAL 0.3 eV Failures = 


1 


0.0004 


0.0007 


5735 X 105 
7.920 X 105 


0.6 Bl 
0.6 HVELT 


2.16 X 10^ 
2.98 X 10^ 


8.77 X 106 
1.21 X 107 


1 

3 








TOTAL 0.6 eV Failures = 


4 


0.0103 


0.0246 


5735 X 105 
7.920 X 105 


0.8 Bl 
0.8 HVELT 






2 
1 








TOTAL 0.8 eV Failures = 


3 


0.0025 


0.0060 








Combined Failure Rate: 
fits: 


0.0132 
132 


0.0335 
335 



^jA = 46'C/W 

Vcc = 5.25V 
Ice @55 = 15 mA 
Ice @70 = 13 mA 
Ice ®1?5 = 11 mA 



Temp with ^ja 
T(55) = 331 7K 
T(70) = 346.2K 
T(125) = 400.8K 
T(250) = 523. IK 
8.62E-05 eV/K 



BI/ELT 0.3 
Accel. 0.6 
0.8 

Factors: 1.0 



Thermal Acce*. Factors 
55*C 70*C 
6.095 3.925 
37.14 15.41 
123.9 38.35 
413.5 95.42 



A. Soeed degrade (soiked contact) 

B. Single Oit cnarge loss 

e. 1 -Column failure (spiked contact) 

1 -Speed degrade (analysis pending; 0.3 eV) 

0. 7-Ouai column (sptked contact) 
3-Column failure (spiked contact) 
2-\st> (analysis pending) 
1-Ad|acent row (analysis pending) 



Voltage Accel. Factor (VAF) 

for HVELT on this process is = 93.3 

E. 2-Sngie bft programmtr>g push-out 
1 -Single bit failure (oxide detect)* 

•NOTE: 

Cun-ent production testing guarantees programming pusrv- 
out screens for 10K cycles. lOOK cycle screens are cur- 
rently under development 
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Plastic Reiiabllity Data Summary 



INTRODUCTION 



The following information is written to provide users 
with the descnpiion and reliability summary of Intel's 
plastic flash product PLCC packages. It includes brief 
test descnptions, a description of plastic packaging 
compounds and the reliability data obtamed during the 
qualification and subsequent product monitors of the 
N28F256. Quahfication results for the N28F512 and 
N28FOIO will be available in Dec 39. 



PLASTIC PACKAGE 
CHARACTERISTICS 

The plastic package is composed of flame retardant 
plasiic/cpoxy which meets the rating requirements of 
US94V0 Vb" minimum. The die attach incorporates a 
silver-filled adhesive die attach on a silver spot plated 
leadframe. Bonding is accomplished through gold ther- 
mal compression bonding and lead finish is cither tin 
plated or 60/40 solder dipped tin/lead. 



ELECTRICAL CHARACTERISTICS 

Because of the electrical erase capabilities of Flash 
memones. pans may be programmed. 100^^ tested and 
erased in plastic packages. 

Flash memones in plastic are tested to the same eiectn- 
cal/paramcinc levels as their counterpans in CERDIP. 
The charactenstics include input/output voltage levels, 
speeds, leakage, and power requirement charactenstics 
over the full commercial temperature operating range 
of O'C-TCC. Performance capabilities are identical to 
that of CERDIP product. 



RELIABILITY/QUALITY STRESSES 

High Tcmpertture 5.25V I2rc Dynamic Lifetest 
(HTDL)— This test is used to accelerate failure mecha- 
nisms by operating the devices at an elevated tempera- 
ture of I2yC. Dunng the test, the memory is sequen- 
tially addressed and outputs are exercised but not mon- 
itored or loaded. A checkerboard data pattern is typi- 
cally used to simulate random patterns expected during 
actual use. Results of lifctesting have been summanzed 
along with failure analysis. In order to best determine 
long-term failure rates, all devices used for lifetesting 
are subjected to a sundard Intel screening. The 48-hour 
bum-in results measure infant monaliiy and are not 
included in the failure rate calculations. 

High Temperature Extended Lifetest (HTELT>— This 
test is also performed at 125*C but uses a smaller sam- 



ple size. The pans are kept in the full active mode for 
the duration of the test with outputs driven. The test is 
intended to evaluate the long-tenn reliability of the 
product. 

High Voltage Extended Lifetest (HVELT>— This test 
is used to accelerate oxide breakdown failures. The test 
is set up identical to the one used for dynamic lifetest 
except for Vqc and ^PP **hich are raised to 6,5 V. The 
voluge acceleration factor for this configuration can be 
found in Table II. 

Dau Retention Bake— This test is used to accelerate 
charge loss from the floating gate. The test is performed 
by subjecting devices containing a 989fc + program pat- 
tern to a 140'C bake with no applied bias. In addition 
to dau retention, this test can also be used to detect 
mechanical reliability problems such as bond integrity 
or process instabihties. 



85/85 TEST 

During the 85*C/85% relative humidity test, the devic- 
es are subjected to a high temperature, high humidity 
environment. The object of the test is to accelerate fail- 
ure mechanisms through an electrolytic process. This is 
accomplished through a combination of moisture pene- 
tration of the plastic, voltage potentials and conumina- 
tion which, if present, would combine with the mois- 
ture to act as an electrolyte. See Figure 6 for typical 
85/85 Bias Diagram. 



Steam 



SAN040144 



Steam stressing pcrfonned at 12 PC, 2 atm. accelerates 
moisture penetration through the plastic package mate- 
rial to the surface of the die. The objective of this test is 
to accelerate failures of the device as a result of mois- 
ture on the die surface. Corrosion, as typically seen in 
plastic encapsulated devices, is a very minor contril>- 
utor to the Flash failure mechanisms. Due to the float- 
ing gate storage cell composition. Flash memones have 
a distinctive failure mode which requires special consid- 
erations and solutions. 

The floating gate itself is a highly phosphorous doped 
structure on which electrons arc stored, thus creating 
the non-volatile memory cell. Passivation defects or 
marginalities can allow moisture penetration to a single 
Flash cell causing oxide deterioration, thus showing up 
as a charge loss failure. This becomes the predominant 
failure mode for Flash product, opposed to corrosion 
which historically has been the dominant plastic mode 
of failure. Intel has developed a proprietary, multi-layer 
passivation which has successfully solved this problem. 
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QUALITY/RELIABILITY STANDARDS 

Stln."!," requirements for qualification for plastic Flash memones. The failure rate 

'h«e requ" '"^ °" ' '"""^ °' ^^'''l-de- Intel consistently meets or e«Ss 



HTDL 
48-Hr 


HTELT 
168/500-Hr 


140*C Bake 
48/168/500-Hr 


HVELT 
48/168.Hr 


Steam 
96/168-Hr 


85/85 
500/ IK 


1 ^ . ^ / 

< '0S% i <200 FITS Combined Failure Rate 


<2%/<5% 


< 1 % Cum. 
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Figure 6. 85-C 85% RH ELT Configuration Diagram 
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N28F256 

.ts arc functionaJly identical to the D28F256 except that they are housed in a PLCC (S) 



Table 1. Reliability Data Summary 





Burrvln 


12rC Dynamic Ufetest 


7.oy 


Dynamic U 


retest 




4a Hours 


16a Hrt 


500 Hrs 


1K Hours 


2K Hrs 


48 Hrs 


168 Hrs 


500 Hrs 


1966 


0/125 


0/125 


0/125 


0/125 


0/125 


0/100 


0/100 


0/100 


1989 


















Total 


, 

0/125 


0/125 


0/125 


0/125 


0/125 


0/100 


0/100 


0/100 





















Table 2. Additional Qualification Testa 



Year 


140*0 Data Retention Bake 


48 Hours 


168 Hours 


500 Hours 


1966 


0/100 


0/100 


0/100 


1969 








Total 


0/100 


0/100 


0/100 



! Year 


Temperature Cycling 


Thermal Shock 


1 


200 Cycles 


500 Cycles 


1K Cycles 


50 Cycles 


200 Cycles 


500 Cycles 


{ 1988 


0/50 


0/50 


0/50 


0/50 


0/50 


0/50 


1969 


0/124 


0/100 


0/96 


0/124 


0/124 


0/124 


Total 


0/174 


0/150 


0/146 


0/174 


0/174 


0/174 


i 













Yesr 


85*C/85% RH 


Steam 


168 Hrs 


500 Hrs 


IK Hrs 


2K Hrs 


168 Hrs 


336 Hrs 


1966 


0/200 


0/200 


0/200 


0/200 


1/200 


0/197 


1969 


0/497 


0/497 


0/497 


0/371 


0/497 


0/493 


Total 


0/697 


0/697 


0/697 


0/571 


1/697 


0/690 












A 





NOTE: 

PLCC Monitor program is designed to monitor process/ package environmental performance. Monitonng of clec 
trical performance is accomplished via CERDIP 28F236 monitors. 
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125*C Actual 
Device Hours 



2.50E - 05 
5.00E ^ 04 



I 



Activation 
Energy 
(eV) 



Jl£g ^ Failure Rate Preglc tlftf. 
Equivalent Houn 



2.50E 
5.00E 



05 
04 



2.50E - 05 
5 OE ^ 04 



0.6 eV ELT 
0.6 eV HVLT 

TOTAL 0.6 eV 
1.0 eV ELT 
1.0 eV HVLT 

TOTAL 1.0 eV 



0.3 eV ELT 
0.3 eV HVLTxVAF 
TOTAL 0.3 eV 



VAF 



src 

1.62E + 06 
1.78E + 07 
1.94E ^ 07 

1.05E + 07 
2.09E -r 06 
1.25E 07 

1 .26E + 08 
2.52E + 07 
1.51E + 08 



voltage Acceleration Factor of 55 
Failure Analytit: 
A. inpu, .ea.age: no pnys.ca. failure ana.ys., oeriorme.. 



70*0 

1-02E + 06 
M2E + 07 
1.22E + 07 

06 

8.27E + 05 
<96 E ^ 06 

2.68E -r 07 
5.36E t- 06 
3 j2E ^ 07 

Combined Failure Rate: 
FITs: 



Failure Rate 
Hour* 
(gO% U.C.L.) 



000061 

0.01261 
126.1 



0.00284 
0.02879 
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APPENDIX A 
FAILURE RATE CALCULATIONS FOR 
60% UPPER CONFIDENCE LEVEL 



Step 1. Accumulate data from 48 hours of bum-in through lifetest of each lot. (Note: 48.hour bura-in results 

measure infant mortality and are not included in the failure rate calculation.) 
Step 2. Determine the failure rate mechanism for each failure and assign an activation energy (E^) corresponding to 

each failure mechanism. (See Table 1 below.) 

Table 1. Failure Meehanitma Activation 



Energies Relevent to ETOX""* Flash Memories 



Failure Mode 


Activation 
Energy 


Defective Big Charge Gain/ Loss 
Oxide Breakdown 
Silicon Defects 
Contamination 
Intnnsic Charge Loss 


0.6 eV 
0.3 eV 
0.3 eV 
1.0 eV-1.2 eV 
1.4 eV 



Step 3. Calculate the total number of device hours from 48 hours of bum-in through lifetest. 
Example: 125'C Bum-In/Lifetest and a 2 lot sample 

# failures 
total « oevices 





48 Hours 


168 Hours 


500 Hours 


1K Hours 


2K Hours 


Lot #1 


0/1000 


1/1000 


0/999 


0/998 


0/994 


Lot -»2 


0/221 


0/201 


1/201 


1/100 


0/99 


Totals 


0/1221 


1/1201 


1/1200 


1/1098 


0/1093 



Device Hours = (Number of Oevices) (Number of Hour^) 

Total Device Hours = 1201 (168 hrs - 48 hrs) - 1200 (500 hrs - 168 hrs) 

- 1098 (1000 hrs - 500 hrs) - 1093 (2000 hrs - lOOO hrs) 



= 1201 (120 hrs) ^ 1200 (332) - 1098 (500 hrs) 

^ 1093 (1000 hrs) 
« 2.185 * 1 06 Device Hours 
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Step 4. Use Ea tables to find the equivalent device houn at a desired temperature for each activation energy (failure 
mechanism), or use the Arrhenius relation. v'«iiurc 



K = 8.617 X io-5gV/*K (Boitzman's Constant) 

A = oroDonionality constant 

R « mean rate to failure 

Ea ^ activation energy 

T « Temoerature m Kelvin 



^ Ai exp 



^1 - I KT, j [Ea / 1 Ml 



Where A, = A2 » A for tne same failure mechanism (i.e., same Ea) 

Where R, and Rj are rates for a normal operating temperature and an elevated temperature respectively 

However, since rate (R) has tne units ( j;;^;; ) ■ can think m terms of time to one failure or MT8F. 
Thus. 

1 

R, = - where t, = MTBF at same temperature T, 
and 

1 

Rj a - where t^ = MTBF at same temperature Tj 
Thus the Arrnenius Relation Pecomes: 



1 1 

— » — X exp 

»1 t2 



( K (tj " rj 



or 



We then aefme the Acceleration Factor as: 

For example: For - 0.6 eV. Tj ■ 398*K. T, = 328*K 

ti » 41.7 t2 

Therefore, one hour a, 1 25-C is the equivalent to 41.7 hours a, J-C for a failure mechanism of act.vauon energy 
tA 0 0 eV Then 41.7 is the thermaJ acceleration factor for time. 
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NOTE: 

The Arrhenius Plot is simply In (Acceleration Factor) vs. 1 /Temperature normalized for an MTBF (12) of one 
hour at 250*C (Ti). This plot can also be used 10 determine the acceleration factor between two temperatures 
(other than 25CrC)' 

For example: For a 0.3 eV failure at 125'C the acceleration factor is 8.1 relative to a 0.3 eV failure at ISCC. For a 
0.3 eV failure at 25*C, the acceleration factor is 152 relative to 230*C. Therefore, the acceleration factor between 
12rC and 25'C is: 



t2 8.1 



18.7 



Step 5. Organize the bum-in/lifetest data by E^, Total Device Hours at the bum-in/lifetest temperature T2. Ther- 
mal Acceleration Factors for each failure mechanism iE\), Number of Failures for each failure mechanism, 
and the calculated equivalent device hours at the desired operating temperature T). 

NOTE: 

The nse m junction temperature due to the thermal resistivity of the package (dj^ must be added to the desired 
and actual bum-in/lifetest temperatures. 

Mest = Tj • Ta - t?jA (IV 5 Ta) - Ta 



1 Ea (eV) 


, Total 
Device Hrs @ T2 


Acceleration 
Factors 


* Fail 


Equivalent 
Hours ® Ti 




T.D.H. 




Ni 


X (T.D.H.) 


; 0.6 


T.D.H. 


Y 


N2 


Y (T.D.H ) 


! 1.0 


T.D.H. 


Z 


N3 


Z r.D.H.) 



The failure rates for individual failure mechanisms and the total combined failure rate can be predicted using the 
data table and the following formula; 

^•o fail/ 1K hrs. = — (105) 

Where 3(- (n. a) is the value of the chi squared distnbution for n degrees of freedom and confidence level of a. T is 
the total equivalent device hours at T). The total combined rate is just the sum of the individual failure rates for each 
failure mechanism. 

For 3 oO^c UCL. ihe above formula convens to the following: 



* Failures 

0 
1 

2 
3 

3 < * < 15 



> 15 



% fail/ 1K hours 60% UCL 

0.915 ^ 105/T 
2.02 - 105/T 
3.105 -.105/T 
4.17 V 105/T 
1.049 failures for a oarticular Ea) t 1.0305 



Equivalent hours @ T 



105 



(0.2533 - V (4 ^ » fai(ed) ^ 3) 2 
4T 



105 



5-172 



SAN040150 



inteT 



ARTICLE 
REPRINT 



AR-465 



An In-System 
Refmigrammable 
256K CMOS Flash Memory 



SESSION X: NONVOLATILE MEMORIES 

THAM 10.7: An In-Sysum Riprogrammable 2S6K CMOS Flash Memory 



SAN040168 



ADVANCES in TUNNEL OXIDES have made it pouiblc to 
deveiop a 236Kb doufaic poly. iin^e-tranaiitor. eiectncaily eri>- 
abie. pro^nmmahlc Haah memory. The device u a hifh-denutv 
nonvoiauie iUah memon optimeied for microproceaaor*con trol- 
led reporfranuiung capability. Using idvanced CMOS l.SiAn 
teehnolo(y. a 192mAi tquarc. 32.766 x 8b demce haa been oe- 
ncned with a 6ijm x 6iAn cell. Jiaure I. The memor\ haa a 
UOru tcces lune with a 200ma eiectncal eraie time, and a 
lOOu/byte progrim tune, f i^re 2. Lsmg CMOS inpuu. diui- 
padon la ISOmV in the active state and 0.30m% in the standby 
mode. 

Based on EPROM technolo^. the cell used fhe same program- 
mtns mechanum. but can be eiectncailv erased, acmeveo by 
uainf a tunnel oxide under a single transistor iloating pol> itate 
cell. The flash cell requires a 12\ po«»er supply lor erase and 
program. The erase mechanism utiUxes Fooler Nordheim tun- 
neUng to move electrons trom the floating gate to the cell source 
iuneuon. Programming is achieved in the standard EPRO.M man- 
ner of hot electron injection trom the ceil drain juncuon to the 
noauni ntc- 

Reduced electnc Held acrou the tunnel Oxide has improved 
rebabibtv. The flash requiremenu are 12V for erase and pro- 
fram. u oppoaed to 18V needed for FLOTO.X iechnolor\. No 
oxide brtSKdowTi has appeared tn over more than 10.000 erase 
^To^nm cycles. The pnmary limitation to tla»h cell cycling is 
*i% increuc in cruc and program ume caused by electron and 
hole trappiru m the runnel oxide. 

Conunand port architecture has been used m the desizn to 
at lord rmcroprocesior control oi program, erase, proffram *eniy. 
erase verify, and read modes without the need for additional or 
high-voJtage multipleicd pint. On-chip address and data latches 
minumxe svstem mterface locc. A 12V program and erase vol- 
tage, required on the VPP supply pui for reprograimung. enables 
the command port. The command port is diaabled by bnnsmB 
^ pp to 5V. allowing standard EPROM read operation. 

Tunetioiu are selected na the command port in a wnie cycle 
eon trolled by th WE and CE pms: Figure 4. Contents oi the 
* addren register are updated on the fallint edge of WE. The 
natng edge of WE latches the command reguter and the aaia 
rtgiiier. decodes new mtemal modex. and initiates operauona. 
Verify voitagc* derived from VPP art applied to the wordlines 
tWoufh the .\ -decoder dunng program venty and erue venfy 
to guarantee program and erase margin. 

Enac la achieved by a tw<Kwnte sequence with the erase code 
written to the command reguter un the !"ini wnte cvele. and the 
erase confirm code wntten on the second cvele. The confirm 
code tmtiaici erase upon the ruing edge of The command 
decoder tnggen a high-voltage switch conneetintt 12V to ail 
arriv ecU* and crounding all vordJines. Fower-Nordheim tun- 
neling remits in a simultaneous erase of all array cells. Wnttng 



the erase venfy code to the command reguter termjrutcs erase, 
latches the address of the bvte to venfy. and sets up intemai 
erue margin voltages. A microprocessor can then access the 
output from the addressed byte using standard read timtno- 
V enf y procedure is repeated for all addresses. 

Proerammtna is executed in a suiuiar manner. The prneram 
command is entered in the command resost^r on the t'lnii nccur- 
rcnee of W E low. A »ecund W'E c\ele l» then required to luad 
the addres* and data tatche:i. The second ^nte mutates program- 
mini bv applvtnc hwh voltase to the sate and dram oi the add- 
ressed byte. Wnims the proeram venfv command terminates 
programming and sets internal maron voltace» to venfv the 
newl% proerammed b% (e. Addressed b% te can be acces.«ed usine 
standard microprocessor read timim . 

A pair 01 circuits eenerate erasp *enfv and proeram vrnfv 
voltage? on-chip. Ficure 5. K hich-vnltace *Hiich < transistor? 
M I M4 ► disconnects Vpp from the resistor when not in venfy 
mode. .Matched transistors .M3 and .Mb form a buffer dnvmg 
the Urse mtemal capacitance with the voltaKe. 




Store I r:^ 



F1CLRE 2 - Tc£ chip enable access time fa>« T^CC xMrcas 
access 'time 



C iMd. IEEE. Roofinttfl. »itn pormission. rnttrnationai SoHO-Stait Circuits Conttftnct. San Francisco. CA. PtOfuary t7-t9. 198S. 
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a) CMOSRasHetll. 

(10,000 « m»gnitic«lion) 



b) CMOS EPAOM e«ll. 

OO.OOO 1 maQnitication) 



nCL'RE 3 - CMOS fUih memory ccU vs. CMOS CFROM ecU < 



. Both tr* 10.000 x mAcniTicitMm. 
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DATA 
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LATCH 
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ARRAY 
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OECOOE 



nCt'Rt 4 - Coomand port •chcnutic. 




us 




VERFY 
V0LTAQ6 



nCL'RC 5 — &raie/pro(Tafn verify cvcuit. 



TABLE L - Oenc« paramttert. 
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•r;#»A* nonvoljtlU m«iiiory t.chnology 
uoI...n«. a.w pow.r for .utbmoUvt .Lctronici. 
It providts fitid r«proer««*0i::t7 «t • 
?r«ction ot th. co.t of conventional E^prqm du« 
to Its iiiBilaritT to int cost -ef f ict ivt ^»ROM 
:t It now ftsiibU for control protram. To' b« 
aodlfi.d ov.r timt «. dlctat.d by v.hi-i, w.r. 

d«.nft.r ctn impUo.nt trattoa vhich «r« 
modlfitd via •xt.rn.l inttrfact or .van --•.t. 
lot.ilig.nf ••if-rtprogr»«i»«d tnachin... 



STAGE 



sTACE 



4- •••IT 4M#TfVt 



IMS 1075 tots 1005 



r>mU.ICK>fT STSTIMS COKH OF ACK 

Adv. net! in s.tBiconductor ttcnnoio|y nav. 
f.pldlT prop.Ued autoaotiv. .l.ctronic. through 
aiatinct stages of development. Th* 
itcnr.ologie, and capabiUtx,, :hty' afford art 
clos.ir linked. -he first stag* vas 
cnaract.fiz.d dt dtscrsta transistors, diod... 
•od .;mple analog circuits. It productd 
•iternator rtc::5:.rs and tlectronic ignition 
uod.r nood as we 1 : as soUd-stats radio, 

cruise control, and digital clocks for tfi* 
<iriv»r-. convenience. The second phase, 
.niti.ted b» - and B-bit .-nicroprocessors :n the 
.•te wrought nore sophisticated ignition 

.Od emission control, enti-iock bramng. and 
■ore recentlr. ective suspension/ 

The next era of sutomotive electronics 
promises significant eahencements to both 
vehicle perfonoanc* and driver amenities 
Advanced powertraio. suspension, and bra»in| 
!n."!r* ''\^-^y integrated sr«t.«. can optimite 
•nime perfcnnance and vehicie control wit.n 
unprecedented smoothness and safety. Vhat is 
the makjiup of such systems? -Sa.rf ?over and 
..o.mg device.. 16- and 32-bit .icroproces.or. . 
end large amount, of electrically reprogr««aDle 

nroll.y ' °' ^'^^^ «P-nded 

•utomotive iQtelUgence (rigure 1). 



W)9urm 1. Teermo^egy end Sle9«* 
of Automotive Eloctrentce 0«v«toDmcnt 



Earlier eutomotlve microprocessors often 
employed oesk-progranreed ROHs (MROHsj in 6 
K-byte and lower densitiee. Now the EPROM 
technology in 32 K-byte density has become 
coononplace. Vhy? Higher density is an 
obvious requirement of more sophisticated 
control functionality, driven by processors with 
expanded word-widths, instruction sets, and I/O 
capabilities. The use of EPROM results from: 
I) the increased probability of a need for code 
modifications as a function of higher density 
ratmory itself, and 2) che flexibility advantage 
over HROM. Since mask- prog ranned ROHs are coded 
by the semiconductor manufacturer, the 
automotive user must forecast the desired mix of 
HROM codes well in advance of shipping a 
finished vehicle, then depend on the MROM vendor 
to deliver on each MRGH type. In contratt. the 
uaer codes EPROMs. The electronics assembler 
carries one type of inventory for all needs and 
haa the flexibility of cuatomttin» each 
alectroBic control module for its designated 
vehicle. 



'988 Roonnieo witn oermisnon. from trie SAE 
D'esenutions 0«tfOit. Ml. PeOruary 29-Marcn 4. isas 
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th« us*r CAB pr«ei««l7 a«tch tn* output of 
CFROH codes to «a««aDl«d v«hicl««. Auto aAk«ri 
aov •xplolt thit captbllUf to dlf f •rtstitto 
•nglflc control optiooi uoog product lia* 
of f trlafs . 

If tn« S?ROM*a factory prograaMiag 
e«p«bliltr !• to daairablo, vhat could tho 
AutOAotiv* iQduatry do with f lald-r«pro|raaBabl« 
d«vlc«s7 Ji tifflplt AAavor to that quaatloa ia 
aaothar quaatlos: If an aogiaa parforaaneo 
ehaogaa It waara, should Ita control progra* 
changa vlth it? Tha aoavar ia yaa. In fact, 
it ia likalT that aovlronaantal ragulationa vlll 
raquira altarabla coda, daaandlog alaetrlcallf 
araaabla masoriaa. In thia caaa, tha Igaltloo 
and aaiaaioo control programa veuld ba modifiad 
ovar tha Ufa of tha v«hleia (rigura 2). 



COMPONENT FACTORY PO^^T - - M.K.-. 
PURCHASING ASSEMBLY ^KKVICF! 



MAtXID ROM UV f PROM g^ftOM 
MOQAAMMINO PROCAAMMINO RCPROGRAMMMQ 




rULSM TKKKOLOCTi TKI KXT TO LAAd. 
RZFROGIUaUBLZ KBMORIIS 

riaah la tha navast oooTolatila MBory 
tachaologf. Cloaaly raaasbliag Ita aibllag. tha 
EPROH. flaah provldaa alaetrltal araaura and 
high daviea danaltf. Ia fact, xhm approach 
takan bf- Intal Corporation raaulta in a Flaah 
sasory call Idantical ia.aisa to tha EFROH. In 
costraat. eoavantlooal S PROH eaila ara 
typically tvo to thra* tlaaa iargar than Intal 'a 
flaah or EPROM calla producad vith tha aaaa 
photolithography (Figura 3). Tha implication 
ia that Flaah aaaory adda tha critical 
functloaality of t FROM vlth storaga capacity 
and raliability aquivalant to CPROH. 




I T 

i \ 



TVCMNOtOOY 

^)«ura 3. MoAVoUtHa TaehMoftaa V«raua RhotoaUMgrapfiy 



P»9ura 2. Memory T*chne«e9y ^t«iiMHty 
Varaua Autemetl¥* ApoMcatiofi Hmm0 



Naxt-ganaration control aodulaa will not 
only aaad f iaid-raprograanabla saaoriaa, but 
v«ry daaaa aaaoriaa aa wall. Tha oaw autoaotiva 
aaaory targata ara 64 K-byta and 128 X-byta (i 
aagabit) daoaitiaa. Vhila 128 K-byta EFROHa 
bava ahippad in voluaa for ovtr a yaar. thay ara 
Dot alactrically araaabla. E FROM a hava Juat 
now raachad tha 32 K-byia daoaity, falling ahort 
of tha aaarging naad. 

Thara haa baan a gap in nonvolatila aaaory 
tachnelogy. EPROHa haw* aat tha oaad for high 
daoaity. but ultraviolat light araaura 
eesplicatao raprograoaiog . Convantiooal E FROM 
baa alactrleal araaura yat lacka daoaity. Tha 
autoaotiva induatry'a avar- incraaa ing alactronic 
coap laxity aakaa nav daaanda on aaaory 
tachaology. Foat-aalaa coda aodificatioa ia 
b«coaing a raquiraaant. Blaetroaic aodulaa naad 
EFROM danaity and alactrleal araaura togachar l 
Fortunataly. tha kay to tha aaaory capability 
daaandad by cars of tha futura haa juat arriwod: 
fls9h memory fcbnoiogy. 



HOV rUlSH VORXS 

Intal Corporation haa racantly ^awalopad a 
Flaah aaaory call baaad on ita CHHOS II-E IIROH 
taeanology. Ualag ataadard aalf-aligaad SPROH 
floating and control gataa, tha fundaaantal 
diffaranca ia a thiaaar firat gata oxlda 
(Figura 4). Thia thin oxida baoaath tha floating 
gata aaablaa alactrleal araaura. 



miOM ceu. 



FtASM ecu. 



nfiva 4. Comoartaan of CPf^OM and 
FlaaA M»w w »y CaAa 



* CKMOS la a patantad proeaaa of 
lata! Corporatloa. 
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Hot •itctrsn lajtctioo caua«i progrAiaBing 
•ntn t*!« artin and caotroi gita ara connactad to 
nijn voitaia, :.ia ician:;cal aacnaaum to EPROM. 
Elactrona dapoaltad on :fta flottint gate raiaa 
tha call tnraanold. raaultini in tha profrarmad 
ataia. Vhila EPROHa rai? os ultraviolat light 
to ramova alactrooa. rUah aaaoriaa arata 
through tha Fowlar-Nordha im tunnaUag 0«enaaiaffl 
uiad In byta-altarabla E*PROM«. 

Tha alactric fiaid driving Flaah tunnaling 
la craatad by a high aourca voitaga. groundad 
control gata. and dijconnactad drain. aU 
caiia araaa t imul t anaous iy through thalr eoanon 
aourca. riaaft dlffari from E*PROM in call siza 
and traaa functionality. Largar E'PROM call 
aisaa ariaa from axtra componantJ raquirad for 
indivifiual byta ara»«bility. Examplaa ara tna 
third gata of tripia-poiy or tha^aacond 
translators of Flotox and KNOS E'PROM 
tacnnoiogiaa. Larger call sua. nanca lowar 
cavica danaity, ;s tna prxca of Syta-altarabla 
funct lanal ity . 



XPPLICAriOMS MATCHIMG KBMORT FORM AND fUKCTIOK 

Automotlva applic.ttana utilir. varloua 
xmmorj : acnno i og i a a . Slat;c KM handlas -ne 
naac far a data foan ipuiat ion 'scratchpad ' "ha 
atnaity rtquir.mant i, oftan small .nough to oa 
latagratao onto tha CPU ch;p. Koat of tha 
•xtarnai maoory. on tha otnar hand, providas 
aonvolatila coda storaga. Th. growth in coda 
^•nalty m tha autoraotiva world ^rivas larga 
off-cr.tp aamory naads. Also. ;acraaslng 
controilar complexity tranaiataa to larger CPU 
die aiza ahd evao core memory usage- 
funccionality cffsets integration gamed from 
•dvancaa m tamiconauc tor photolithography 
T|iua. :r.e nonvola:!!, ra.mory remains off-cnip. 
.he oes;gner. :r. turn, can choose the code 
».«ory -.yp. vnich o.et suits the application 
neeos. 



You get wnat you pay for' is as true - 
nonvoiat;.a aemoriaa aa anything eisa. Ve .-^ave 
already discussed ROM. E?RO«. Flash, and »^PROH 
in tna contexts of cell sizes and flexibilltT 
r.gure 5 Illustrates this cost end function ' 
hierar:.-y . 

ROM providtB lowest cost in very stable 
sppllcatisns that do not require code 
modification. M.xt EPROH. then Flash, increase 
f\jactioa*lity at equivalent densities. Finally. 
E PROH provides highest functionality, but 
carriea a substantial cost and density penalty. 
These technologies fit uniquely into application 
need categories. 

Advanced electronics already reside m 
three primary application categoriea: *) 
powertrain. 2) chassis, and 3) information & 
body computer. Engine management and electronic 
transmission systems are m production. So are" 
«ntl-akid braning, shock damping, and four-wneel 
■t«tr--g. The coc«pit een have climate and 
cruis. control, infrared door locking, air sags, 
snd service diagnostic computers. 

The 1990's will bring powertrains with 
continuously variable transmission, traction 
control, then fully-active suspension, and 
•ophist icated information syatems sucr. aa 
nevigtiion. collision avoidance, and 'haada-uo 
displays.' 

Again, functional complexity drives the 
proceasor and .-oemory requirements. Figure 6 
lives examples of these relationships. ROM 
usage corresponds to stable, low-density code 
typically integrated with the controller 
Flash, however, is redrawing the other 
nonvolAtlle memory lines. 
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Sine* r:«an ctcnnelocj ii ntv. it £orcas « 
nfw perspective. :t vlll reside where EFROH or 
E^PROH sre used tods^. Vhere EFROH provides 
flexibilitr in the ftccorj. rissh ixtends it 
beyond the assenbly line. Vhere E FROH sliovs 
Dodificatioa of code end ierge date besea, Flesh 
7lsids s dsnssr, chtepcr soiutioa. 

Flash is a viable alternative for many of 
the automotive EPROHa in use todar- Cods 
aodif icatioa is s powerful capsbilitr for 
peet-aales service. Flash also irapacts E PROH. 
Ths nunber of parafflsters rsquiriag individusl 
byte manipulation io *real time«* vhile the 
vehicle is in operation, is o^tsn quite saall. 
AccordinclF. byte-alterable E^PROH has been 
employed in eome cases wnere thst functionality 
is not really needed. Flash allows aore 
cost-effective eoploymenc of E^FROH. 
concentrating it where it is needed. Figure 7 
napa these new nonvoiatile aeiecry boundaries 
onto the emerging applications. 



FLA.SH IN A i't)V\KirrialN KWMI'I.K 
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"i^ijojixxiisiv" 



The first autoaotive fflicroco«puters 
employing Flaah.vUl likely receive aev code 
during asintenanee service. PerformAnce or 
emission measursmeats might be taHea, thsa 
custea-tsllorsd code revisions developed by a 
host computer. This host would hsve ths saae 
cspsbilitss ss staadsrd ETROM progrsMsiag 
equipssat. Simply plugging this msc&lDs into 
ths microcomputer permits Flash reprogrsMsiag . 
Removing ths pregramag voltage seures gives 
abseluts iasursnce against code disruptioa. All 
system mediflcstioa is dons in a ceatrolled. 
f ac t or y- author ised environment . 

Prcstnt manufacturing techniques lay ths 
fouadation for Flash. Compact, surf sce-mount 
packaging is sccelerating a trend toward 
progranning EPROHa *on-board.* On-board 
programning allows full module aeseably with 
non-coded memories. A singls. rsduced board 
run-rate services the entire factory output 
since coding can be done *Just in tims.* i.e. et 
the end of the assembly i ins . Flssh-bsssd 
systsm« csn immediately use this same capability 
for field service (Figure 8). Repid factory 
reprogranaing also enhances tssting snd quality. 



»WL»* 



rifure 7. The New Piaefi Rartllioo 
emeromf m NoAVoiatHe Ummofy AopHcationa 



FLE.MBILITV KOK CODE CHANCES 
IN THE FACTOHV AND IN THE FIELD 




DISIGNINC IN A FLASH 

From a technology qualification standpoint, 
Flash reliability will be assessed via proven 
EFROH test methods during the next few raars. 
Initial evaluations bear out the EPROH 
reliability analogy; Flash failure r|tss. like 
EPROM. are significantly lower than E*PROM. The 
new functionality 'standpoint.* however, is 
different. Flash Ireplementstion involves 
:.nanges in both manufacturing and services. 
New equipmsnt snd methods all demand particular 
attention. 

Today's electronic modules are quite 
capable of reprograoming themselves, given that 
they incorporate Flash. Vhile this may be an 
ultimate goal, the acceptance of such s 
development may take time. Initial Flash 
applications, like the testing, will also borrow 
EPROM concepts. Thus, new technology adoption 
is s gradual extension of proven methoda. 



a. Plash Memory Updetee Me4e tesy 
Wtm On »#efd-»foqremmmf Technquoe 



'FLASH FOVAM* 

Future Ifflplementatioaa of Flash will 
further exploit the technology's cspabilities. 
Simple chip circuits can handle the need for 
special reprogranning voltages, all from a fixed 
programming power aupply. The local 
microprocessor, rsther than an external EPROH 
programmer, can administer ths Flaah 
reprogramning . This opens two new avenues: 1) 
the sbility to update coda from s serial 
communication link, and 2) the ability for the 
vehicle to routinely update itself. 
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giving users csr.fiatnce cn«t can b««c r.-.t 
•utomotivt mduitry'i nign •cindaras of quality 
aod reii«oi:it7. It wii: prove i:seif ia f;«id 
• •rvlc« appl icitions. Tht leriai cowoun; cat Ion 
C4p«bi:i:r ennances at rv ;ceabi 1 i :r viirioMz 
cocBproBiting reliability. £acft a«vaiopm«nt 
phaaa bacoacs a ttapping stont for tna naxt ; 
••if-raproiraraotng aytttmi art not a far atratch 
froa aariai conmunicac ion (xha progranming 
•upply and tuparviaory intailiganca art local In 
botn. and at 1 f - rtprografurning could bt cr:gg«rtd 
by tht odorettar to occur tne next : imt t.it 
vtfticlt ia turned off!). In any cast, a 
conatrvative iCO-cyclt reprog riioning 
aptclflcation is • big first step: a control 
ayattfa couid be fine-tuned every 2.50C reties'far 
a 250.COO-«iie engine and povertratn lifetime. 

Ixrenatd capability snouid open even more 
poatitilit les . Intel's fiasn memories nave 
demonatratea reliable operation to well over :en 
tnousand cycles. The best part about flaan is 
that It :s not just tneory. It is here now." 
For raeetir.g tne needs of alteraole electronics, 
•e art now li.-aitec only sy our development **' 
capaoi;;:;es. r.ot tr.cse cf prcgranaoable rzemary. 



1. :^lvard. Jerorae C. , 'Autortctive ilactrcr.ics 
:n t.ne Year :::c." TransDortat :cr^ r^g^mi'Tj 
farticle '^9t:::' from 5a£ :cnve rge-ce ' • e Tl * 'saE. 
Warrencale. ?a.. rctooer. .536. 



2. Autcreetive Electronics . V;:-^^, ;v 3*3 
.niacin torn. :.td., :,uton. V.K.. .587. 
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A 90ns lOOK Erase/ 
Program Cycle Megabit 
Flash Memory 

o 'Z'^'' ^r"': -"^^o^^- ^''^ * fan^yrffA. Ow^n yuneror/,. Susan Kao. Jern- A. Kreifeis Stefan Lai 

H^Cnun Uou. Benedict Lu. Richard Lodenauai. Weh^Juet Lu. Rov Pavio/f. Darnel Tang. J.C T:eng. George Tsau, Branislav Vajdic 
Gauiam ^ erma. Stmon li'ang. Steven Wells. Mark Winston, and Lisa Yang 



ABSTRACT 

Lsing ad»anceiJ I.Oum OtOS technology, a 245 mil square 
I,M0T2 X 8 dfMce has been fabricated %»ith a 3. Sum x 4.0«m 
cell. The memory exhibits a 90ns read access time with a 900m$ 
electrical array erase and lOus.byte program time. The deWce 
has been optimized for in-svstem microprocessor*conrrolled repro- 
gramming »iih endurance pcKormance greater than 100.000 erase/ 
program c\cles. Column redundancy is implemented with the utili- 
sation of Hash memory cells lo store repaired addresses. 

•\DVA\CES in pftotoliihography have made it possible :o devciop 
in clecincaily erasable reprogrammable 90n$ 1Mb nash memor% 
*hich (s capable of greater than 100.000 erase program cycles. 
This l\1b memor> rmolemcnis a command port and an miernal 
reference vcliage generaior, allowing microprocessor-controlled 
■•eprogrammtng ( 1 ). 

The 90ns access time results from a high memory cell current 
(95uAi. low resistance poiy-silicide *ordUnes. advanced scaled 



periphery transistors, and a di/di optimized data-out buffer. Using 
CMOS inputs, power dissipation is 40mW m the active state and 
ZOu^ in the standby mode. The memory electrically erases m 
900m$ and programs at the rate of lOus; byte. The device contains 
thiny.iwQ columns of redundant elements and utilizes flash memory 
cells to store the address of repaired columns. The use of the Hash 
memory cell reduces the required silicon area significantly over 
the commonly found large metal-shielded EPROM celts (2). 

The 1Mb flash memory was fabricated on a i.Oum double poly 
n.wcll CMOS process. Silicide was utilized on the wordlincs to 
help achieve the 90ns access time performance. The CMOS 
periphery circuits were constructed wuh 0.9am 230 A gate 
oxide LDD transistors. The density of this Umfiash technology is 
demonstrated on the I.Oum and I.Jum memory cell comparison 
shown in Figure 1. The I.Oum memory ceil has a i5.2um*arca. 
which IS over twice as small as the I. Sum mcmorv cell. A micr> 
photograph of the 245 miH. I28K X 8 Hash memory is shown m 
Figure 2. The process /device characicnsiics arc summarized in 
Table 1. 



© 1989 IEEE. Reonntcd. •uft pcrmmion. from 

s7: ;'of; .i:;T.r;^^^f^r,f"™- sano4oi76 
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a) 1.5^ Lithography 
(5,000 X magnification) 



b) 1.0^ Lithography 
(5,000 X magnification) 



Flaurt 1. Array SEM microohotooraoh: (a) 1.5«m memory cell (6« x 6u) (b) 



I.Oum memory cell (3.8u x 4u) 



One o; :ns .t.o^i s.tfnifioani asoects oi :his device is iis 100.000- 
:}Ctc ODJ0iiit> A :%pica. ct:i erase program V; margin :s shoun 
i> u :ur.c::on of" rc3rogranr:::r.g cycles in Figure i Auer 100.000 
:\c:es :here ^:::;.;xist5 a program reaa margin lo insure rcna- 
::r 2212 ;t:er.'.:on Acceieraied .-ttention oake eirenmenis done 



Ji :50'C for !6fi .hours indicate thai after 10.000 cvcles the 
memor> exhibit jn;> O.'V program Vt sniti Program and erase 
:ime Ccgrade siightu cue to normal charge trap-up in the lunnei 
oxiae (Figure 4, in aca:tion. endurance reiiabiiits has been excci- 
lent uiin no lu.nnef o\:cc Sreakdo^n 



Table 1. Device Parameters 
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Fl9ur« 4. Era»«/ program tima va. cycling 




FIgura 2. 1Mb dia photograph 



However, to build a manuuciurabie 1Mb Rash memor>'. it is 
csscniial to be able lo coniroi the mcmon- array erase Vi. The key 
IS the proper seieciion of the erase V i maximum and maintenance 
of a tight Vi distribution. The maximum erased Vi i$ $ct lo 3.-V 
via the erase algorithm and the internal erase venfy circuits (31- 
Good oxide quality gives an erased Vt distribution width that docs 
not change appreciably with cycling iFigure 5). The tight erase Vi 
distribution gives an order of magnitude of erase time margin to 
the fastest erasing cell (Figure 6). 




UUH «l iVOLTt) 



FIgura 5. Erata Vt dUtrtbution va. cycling 
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\rr2^ erase is ciecutea o\ swuchma hig.n vcitaae onto :he source 
;unc:ion oi jii c;:is anc grounding jii scicc: .ines. The arrav source 
swucr., snown m Figure *. s*ncnes high voitagc onio tne source 
junctions. Transistor Mi6 is a vcr>* iarge device wmch o\i\\s the 
source 10 ground during reaa and program modes. During erase 
mode. :hs high voiuge iaich formed by M5-.M8 enables transistor 
Ml 5, which :hcn suils :he array source up lo 12%' To obtain fast 
arTa> erase times. :his device must be maae large enough to supply 
:hc grounded gate oreakdown current *hich occurs on the sources 
of the memory arr3> The upper boundan- on WIS current sourc- 
ing capaoiiitv is sei by the maximum allowable substrate current. 
If VPP IS raised to i:v before VCC is aoove approiimateiv 1 S^*- 
:he low VCC detect circuit formed bv MI-M4 drives me node 
LOWVCC to 9 V Transistors M9.M 1 1 then force the erase circuit 
into a non-crasc state with MI? off and MI6 on. When VCC rises 
jbovc i 3V. the cnip will be reset into a read state. 

Redundancy circuits consist of two flash memor>- celts combined 
*i(h a ;:oss<oupied bias and sense circuit ensuring low power 
consumoiion r Figure i) When cither .M" or MS ts p'rogrammed. 
:he latcn no longer draws oowcr. By setting the levels of CL.-\MP 
ind BIAS to Vi and :Vt respectively, the B and BB levels arc held 
:o aporoximateiv one V'l, The signals F and FB along with the 
iddress signal dnvc :ne ;npuis to the XNOR circuiis The M.-XTCH 
signals for ail column addresses arc combined to create :he full 
.T.aich signal which enables a redundant column. 

In summary, a *30n5 l.Mb Hash memory has been -eveiored 
:nrough the abiiitv to scale the flash memory cell onto a stanaard 
CMOS ! Oum tccnnoiog) This mcmor> has been optimized for 
:n.sysiem microDrocessor-conirolled reprogrammmg for more than 
: 00.000 erase, program cycles. 
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Flgur« 7. Array tourc* switch 



V Kvneti et 11 *n tn.Svstem Reorog'a'^'r aa.e 256K CVOS P'asn 
we'^of\ " iSSCC Dtg Teen Paoers Peo '998. oc :32-»13 3^5 

G Careo4 «t tt * 90ns 4mo CMOS EPPOM 
-co !988 5C -ZMn 323 

V <vnen et a* An m.Sv»iem Reorogrammaoie 32K • 3 CMOS p asn 
ve'T^orv ££=.- 5oi.a-Siatt Circuits, voi 23. do ii5'-;*53 Oc; :988 



-o iSSCC D«g 



Figur« 6. Redundancy circuits 
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Endurance Brightens 
the Future of Flash 

Flash memory as a viable 
mass-storage alternative 
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Kurr Robtnson, Product-Ltn* Arrhuect 
Intii Czrp , Flash Memory Optration 
Foisom, Csii/b^nio 

Imapr.e '.hr ideal memon.- U would be infinuely 
arte rancortiy rewntabte at static-RAM speeds and 
*itn :v-a.T.-f R.\.M caoacuy AJI memory tecnnol- 
opes :r. reaijiv demano concessions I'rom their us- 
#ps. jr.c =f.:r. HOM and RAM loiutions incur high- 
er system costs lo circumvent their respectivt 
cr3*oacM Vanous t>-pes of E*PROM and •'shad- 
ow ' W"R-\.M ofTer features closest to ideal, but at a 
.L>«er cer.s::y and htgner coat than RAM 

The d:s;in(ruishtng cnaractenstic of "RAM" :s 
ranccm wr:te caoabiuiv at reed speeds M.e "5ym- 
-.etr-.ra: read »Tue ' The chief drawback of both 
:.^'r.JmIC- and static- R.\M tecnnotogies is volatility 
T;.^ica*:> . DR.\.M IS backed by magnetic disk, while 
powvr CMOS 5R.\M IS supported by auxihan- 
*a;:er>* po*er 

',^ ccr. trail, ROMs are inherently nonvolatile. 
Thpv eicei it storing cooe. as long as one does not 
-eed ^r.ar.CT •.*, EPROMs oiTer more fleubittty 
r\ a;.o*:r.ge:ec:r:cai reproprammmg- after a long 
'tDOsure *.o ul'.ravioiet light performed outside of 
:ne computer system. CPROMs are generally 
-.reatea aa jser programmable, but not reprogram- 
.-racie Frequently updated code creates logistical 

problems for EPROM users due 

*.o :r.e cumbersome L'V erase 
procedure 

intei i ETOX" fash tecnnoio* 
£^ couio «e:i sirme the optimum 
bajance between ROM and RAM 
From a iem;conduaor procvsa* 
:r.p atanccctr.i. ETOX teehnolo- 
e^oUeo from EPROM just as 
Its acronym ;mpiie« "EPROM* 
Tunnel^Oude" It has the small- 
est read write memory etl) for 
any givtn photolithography and 
true nonvoiaiility. trading off 
fast rewrite for slower wnie and 
btock-clear functionaiiiy. Baaed 
on observations of other eiecin- 
cativ fraiaoie 'E*' technologies. 
ETOX has a theoretical timiu- 
■.:on ;n :ne toLii number and sue- 
cess ra: * for successive 
rrise »t:u ooeraiions. or write 
."^-cie encu ranee. In actual prac* 
*.:ce. most applications exnibti 



virtuaily innniie enduranee: no "hard" memory* 
ceil failures due to atutrophic oud« breakdown 
have been seen on thouaands of devim tnud. Nei- 
ther has the E' "window cioaing" wear-out efTcct 
been found significant aAcr tens of thotuands en- 
aurance of cydea. 

Looking more closely at typical applications, 
even the most frequent code updates only number 
:n the reaim of tens per year Also, code is updated 
"en maaac ". ail at once. For tneae reasons, the 
functional tradeefts - e.g. the iack of singie-b>xe al* 
terabthtyi made by P.aan tccnnoiocy are not issues 
for code storage. 

DatA storage, on the other hand, auiomaucally 
evokes the image of DRAM and disk. This results 
from :he desire for very hign capacity for archival 
data storage. Secondly, data is generally rewritten 
more frequently than code. Nonvolatile memones, 
namely E'PRO.Ms. have struggled for years to im- 
prove wnte endurance Ironically, the stated en- 
aurance ratmgv are not the primary issue. Closer 
inspection reveals tnai most systems ix^JicaJly need 
far fewer write c\-cies over tnetr lifetimes than the 
number currently ofTered by cnip maken. 

The success rate for E'PROM c>-cltng is the big- 
ger issue. Failure rau spec it* cations of up to S'r for 
10.000 wnie o'oes is common .\nother ttmiter for 
widespread E-PROM or .VMlAM aaoption is low 
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capacity aruing from eomplci translator struc- 
tures and fabncition procnaea. » 

ETOX flash technology provides essential 
E^PROM capability with unprscedentad density, 
quality, and reliability. lu simple, sueked-gau. 
one-tranaiator cell affords two to four tunes the ca* 
pseity. or cost savings per bit. of comparable 
E^PROM itchnoiogies. Nineiy-fiv».percent pro- 
cess compaubility witn EPROM allows CTOX to 
tap a proven manufacturing baae (Figure I). 
Equally important is the ETOX breakthrough in 
high-quaiity cycling endurance: tO.OOO-cyde fail- 
ure rates are specified at iesa than 0.1%. and en- 
durance of well over 50,000 cycles is typical - with- 
out failures. Dau retention and lifetime reliability 
sutistics are equivalent to those of EPROM. Typi- 
cal endurance far eiceeds the E^PROM-standard 
10.000-cycle minimum. 

ETOX versus E^PROM 

The E'PROM. like the EPROM. was invented by 
Intel m the 1970 s. The principle of Fowler- 
.N'ordheim eiearon tunneling drives electrical ers* 
sure, eliminating the L"V'-erasure requirement of 
EPROM. ETOX flash memones are erased in the 
same way. but they use the EPROM's channel hot 
eiectron-tnjection 'CHE' programming method. 

E'PROMs employ tunneling for 

both the write (proframi and 
erase operations. 

EPROM IS programmed and 
erased by depositing and remov- 
ing electrons from a "floating" 
gate. Floating-fBtt cells differ 
from normal transistors only in 
hsvtng sn estra. unconnected 
gate sandwiched between the 
normal (control) gau and the 
channel region between the 
source and drain. The cell is 
turned on by the cap*citive eou- 
plinf between the gates, whervfay 
the "floating" gau provides a 
gaw voltage sinilar to that of a 
standard single-gata transmor. 
This u the case for an "erased" 
or "ones itau ' EPROM otU. 

Programming the cell to the 
"sero" or "ofT* state deposits 
electrons on the floating gau. re- 
sulung tn B-net negauve charfe. 
Otw Numocr 295033-001 
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The ccr.troi ?3tt rr.us: oe uAtn w • much h:rr.er 
voiL«([« ;n oroer to g«t « net Homting-giu pot«ntia; 
lufHcient to :um :nc ce:l on. A t>"5icii ofT-itii* 
:r.re«no*d voiu^ is 9 V or r.:gntr. versui tnt orp- 
nu on-sui* :r.r»snoid of around 2 V W;thin :he 
iLar.aaj-d lo^c vo,i*«e rang*. 0 to 5 V. an oiT-statt 
ceil cannot oe turned on The efTect ii identicfci to 
•.nat of *Tii:np to a ROM. where t orocess maaiung 
SUD a:saotet :r&nsision for "leros" coding 

The programmed EPROM ctU is .-.igniy luoie 
becauie a quantum-mechanical energy- barrier 
noid* the floaiing.g»u charge. Only a high energy 
:nput sen aiiiodgr the exoeta eitctroni. Thii prop- 
er.y pro*.idef ncnvotatiUty-m contrast :n» voi* 
•lUity :r.r.er»n: :n DRAM btcauM :: .-.as eieancaJ 
connections cnrougn wnrch :u cnarg? 'itcrag* ca- 
pacitors :eaii. Both fiash and byte-aiterabte 
E'PROMi art tne same in thia reso«ci. 

EPRO.Mi employ uitravioiel light to supply suf- 
ficier:: enerf la dissipate noating.gata electrons 
r:r erasure This is a "pajsivt". s#if.;:mittng pp^ 
.-ess. L'^' erasure teaves the "intnnsie " amount of 
;.-.ar^ :r.f :1oa::ng gau had upon :u creation. 
Thus. L^■•eraa•o ceiis have the same th?»snoid 
vo.uafe tnvy nad aA«r .niiiaj waj'tr prooeasinf. 

Tu.-^net erasure. u3«d by both E'PROM and Cash 
Tiemor>- .i an ar.ive proc«aa. with eraaure per- 
formed eiecincaily through entmai control The 



waya on" ceil, or a depletion- 
mode transistor. Most of the 
E'PROM cell populauon ends up 
with negative thresnolds after 
being erfta«d. wmcn m turn rv» 
quim that extra traniiston or 
control galea be employed to 
turn thcat cells ofT. 

In coniTMt. ETOX f-aah com- 
bines lower-voitage operation 
with an advanced tunnel oude 
proccaa lo implement ooniroiled 
erasure. All ceils lunnet-erase 
uniformly to proouoe a very tigni 
ceiJ threahold disinbution very 
close to the LV^raaa ininnsic 
threahold. ETOX lechnotogy 
produces the closest possible 
anaiosy to tht lV-stimutat«d op- 
eration and compact ccU atze of 
EPROM. E'PROM a ne«d for a*- 
iea deMcvs adds to ctil sue. and hence con. Figurt 
3 mows the program, ermae mecnanisms and com- 
pares the relative memory-ceil sixee for ETOX 
fiasn and tnpie-poiy E'PROM teennoioraa. 

The singU'transistor barrier 

E-'PROM venaors have long sought to eiitmnat* 
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'nu comffmnsom u lof a common 



• Mtra control gate or transistor for the oovious 
verie of ;rcgra_mmtng. eraaurt actively pulls cost advanugi tms would brng Ircncaily. :.-.e 



electrons ofT t.Se f.oating gatM. Vfc>tn more eiec- 
•.rons are removed than were added, leaving Hoat- 
.r.g n« ^■•t.*'. !esi than tne intnniic number, ceil 
•..".resnolcs go beiow their tntnni»c level. If eraaure 
:s not carefully ccntroiled. the highly efTiaent tun- 
r.<:ing process can cause aomt ceila :o be erased 
very quicaiy. leaving some ceila arv depiecad before 
:ir.en are sufncieniiy erased. (Figxire 2 ploia float- 
;r.g fiu-t ran sifter cnaractenstica aa a funaion of 



3>-ie-ait#rabiii:y feature E'PROMs oiTer :s maoe 
possible by the aey oamer; singie-o>te eraaure is 
faciliuied by the deselect capability required for 
deuehing erased cells from columns. 3\-w a*t«r- 
abilityaiao creates a oerformance constrain: If-.he 
conunu of memor>- la changed one location at a 
time, the change must nappen quicUy for t.-je ch:p- 
rewnw ;ime to Pe reasonable E'PRO.M maaert 
commonly specify b>xe-PTwnu times oetwven 1 ms 



• tored :.-.irge ■ E'PROM s faai. higner-voUage and 10 ms The intemaj voltages used for these 
erase oroc«iure produces a wide acaiienng of cell faster program erase times are m tne 20-V range 



remolds. A irresnoid beiow 0 V creates an "aj- 



Since Hash memonea erase tn bulk-array faah- 
lon. the per-bit time conairatni ta relaxed to thou* 
aanda of mUUseoonda ii.e. aeoondai. tE'PROMs 
also have block <lear modee. but that does not re> 
move the singie-byte performance constraint. » 
Conaequently. flash memories use a far lower tn- 
temai erue voltage. This u a pnmary factor m 
eraae control without control gBica. Lower voltage 
also yielda betur reliability and cycbng endurance 
The 12 V supplies used with today's flash memo- 
nei drastically reduce the elecinc Hetd acroaa the 
thin tunnel oaides inside each transistor, with the 
difTerence on the order of 2 .MVcrn. This eiimi- 
nates the catastrophic oude-breakdown failures 
commonly nbser%-ed m ocling of E'PROMs. 

The ET cell s physical constrMmon is anoth- 
er ke>- reliability contnbutor ETOX s EPROM- 
like strunure allows oefect-free oxide growth on 
undoped silicon. The cleaner oaide lacks the impu- 
m:e« linked to dopanu. Furhermore. ETOX uses 
a small aaive tunnel oude area, which retulu m 
fewer ■ active" defects ana charge- trapping sighu. 
and thus a reduced chance of failure. Since tnple- 
poiy E^PROM uses two o«ide regions for tunnel- 
:ng. It has larger active area, as shown in Figure 3. 



cnarge-pumped miemaily from the 5-V supply* 



Other roads to flash 

There are three keys to ETOX cell operation: 1 • a 
very high -quality oxide. 2) unique drain and source 
stniciupea. opttmiied for program and erase re- 
speciiveiy. and 3) the use of compicmentAry, adap- 
tive program and erase algorithms. This combina- 
tion supporu well-controiled erasure and repro* 
gramming of the stmpie sucked-gau ETOX cell. 

The use of a truncated Hoating gate, or supped- 
giu cell, also provides a Hash E'PROM capability 
The truncated (loating giu s voltage must be ac- 
companied by a eeiect-gaie voltage for turning on 
the cell. The programming operation and read 
function are identical to those used in EPROM and 
ETOX Hash celU. 

The stepped-gau structure s pnmary drawback 
:s an etecincai-siress-inauoed cnarge loaa dunng 
programming known as "program disturb", 
wnereby floating gaie cnarge is loai through the 
drain region of tne ceii This and vanoua other 
itreaaes are present wuh all floatmg-gaie technol- 
ogies and muat be designed and proceaaed out. 
Ver>* tifih: stepped-gau process control can provide 
a sufTtcient operating window", but in any case, 
fiectr^cai stresses are significant factore m cycle- 
related programming failures. Furthermore, the 
problem ts exacerbated by slower proframming. 
caused by a longer ceil channel. 

ETOX r.ash ceils use separau prognni and ermae 
junctions to ensure against theee stresses. These 
separau operating regions are optimised for repro- 
gramming speed. 

Two other "nash" approachee have been devel- 
oped. These are efTectiveiy hybrid technologies and 
have many of the same cost and reliability laaues of 
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'Jicir oyt*-tit«rtol« r'PROM eouotfr^ATU. Fifurt 
4 inowi wtut l&fl rviainrt e«ri tiun of aii lac ^lub" 
'.rennolofiti would be for • common l.S-um 
pnoioiitfto^pny. 

Endurance rooted in technology 

Oi&kr fuoetionai differeocti «tide. exicaded 
wriu eyeliai ii imporUAt for boiA &yt»-4ii«rmot« 
tnd (luh E> memories. Vtrioiu ucbnolofiet ail re- 
spond differently to this oMd. CooveniioD&l lifetMt 
and d«u-retcDtion reiiAbility tciting indiaut d»- 
pendtbility t/ter iue«siful reproynmminf T>ii* 
comparet fAvormbly araonf tbem «J1. The £'-ip«arie 
ne«<l for cyclinf it wbere they differ. 

Triple-poly CPROMi hive b««o o6Mrv«d to cyd* 
well over the IO.OOO<ytie mjnifflum oefort • lu^ 
9unti«i oumocr of device* fail, wita the failure r«u 
remaininf Hat until caLaatroonic failure, ^"hen ibey 
do fajl. tripie-poiy E'PROMi tend to fail from charr* 
"trap-up". Like tripie-poly. ETOX Haah la thtortc- 
ically trmp-up limited but this hat oot eauacd faiiurte 
tn ;:56-kbit devices CAaen out to tOO.OOO eyelet, tno 
dau It available yet beyond that due to th* newntaa 
of *.ne technoiogyi. Moil imporunily. tne failure 
ra:e of CTOX through the normal life of 10. 000 
cyciet. specified at lest than O.l't by statistical 
round-up from uro ooserved failures, is suostan- 
tially lower :han that of byte-alteraole E-PROMs 
Fiyure o«. The tripie-poly E'PROM cell has a much 
larger tunneiin; area exposed to high voltact com- 
pared to ETOX flash. Oude breakdown ii vinually 
nonexistent in ETOX flaah compared witA triple- 
Doiy E<. 

The lower voltages and relatively defect -free ox* 
lOes used by ETOX memories prevent cyete-reiaied 
Jamage. Trsp-up causes a slowdown of the ETOX 
memory J program and erase operations as a func* 
:ion of cycling, out not hard failure. 

Temperature and programming voltage ( V^) atao 
affec: reprogramming rates. A 1-V change in 
maites almost an oraer*of*magnuude difference in 
9rognm erase performance. Elevated temoeraiure 
iiows aown prognmming :due to reduced earner 
mooiliivf and speeds erssure. These effects are 
«hown in Figure 6. 

The programming-voitage effect explains Intel's 
■iiffereni 2£SK product offerings. The 2fir256 is 
ivaiiabie with either 12.0 -V i z 5%) programming 
or sn EPROM-compatibie 12.T5-V * = 0.25 Vi pro- 
frammtng vuiiage. The latter i worst -case ;» i V 
.nigner than the formers nominal V„ to ensure suc- 
.essfui reprogramming oeyond the lO.OOO-cycie min- 
imum. The 12.0-V version provides a minimum of 100 
cycles 10 service designs with existing I2.&-V sup- 
plies. There is no difference in cycte-reiated failures, 
.'ust in w rite performance. However. 12.0-V versions 
:>'cied over leverai thousano times may see a siow* 
3own to wnere the reprogramming aigoritnma stop 
Defore erasure or programming is complete, but 
•..■:ese are not nara failures. 



f iffM 7: rrOX mtmoey 4ai rAr smatUst rwaa- mrue ctU 
of MMy flVMory. MciitdiHg OMAM. 

The voiatUe or nonvolatile choice 

Many designcn achieve sysum-level non-voiatil- 
ity using volait)e*memory cbipa. Batiery-backed 
SRAMs can provide a eoet-effective solution id low- 
reliability envtronmenu. On the other hand, this ia 
often unacceptable in reliability-crttieai environ- 
menu. A battery is guarmoteed tr and there are 
few reliable estimaus aa to whet 

Htgh-eapacity tyiuoia often employ DRAM sod 
ma^etic or mafneto-opucal ditks. Bulky, station- 
ary equipment can employ diau without probiema. 
Rugftd. porubk equipment cannot live with me- 
chanical media like diaka. at leaat not where a nigh 
degTve of reliability is recuired. Electrically eras- 
able memories, either flash or byte aiurmble. pro- 
vide the aoiiity tc update tneir conunu. aiong with 



roffwdoeaa. 

Designer* bave the hardest time cbooaing tmw*«Q 
alteroativea where the relisbiltty and densitv 
boundaries are less clear. For eaampie. battery- 
bacaed SRAM la leas ezpenaive than flash due to 
greater volames and coat learning. When ETOX 
flaah htu matore *«luaiea. it eouid eaaily be cheaper 
on a per-bit haaia. In fart. ETOX neaory baa the 
amaJlMt nad/vnu cell of any memory, meiuding 
ORAM (T igun T). Sytun-lral eoau for flaah so- 
luuona art often ehaaper than for diah-and-ORAM 
impleaenuuooa — even though flaah is more ex* 
peoanre on a p*r-bit baais — because the latur incur 
a flxad con for the diak. independent of capacity. 
Si net flaah oMmory is added in sinffie-compoiient 
tnovmenta. it is cheaper over«il than diak/ ORAM 
up through a few megabytes of capacity (Figure 8). 
F urthermore. the cost cnaaover point between diak.' 
DRAM and ETOX systems wilt increase because 
flaah teehnoloffy eumntly haa a much steeper slope 
on itj coat learoing curve. 

The primary barrier pereeived by designen con- 
sidering flaah memory is cycle endurance. This issue 
deserves a cloaer look. Code storage for embedded 
controller programs or standard eorapuur appiica- 
uona la infrequently updated: twenty-year sysum 
lifetimes rarely generate even 100 rewrites. The 
next level of wriU cyeies is seen in routinely <hangvd 
data tables. Exampiea include updates to naviga- 
tional-computer parameters, black-boa recorders, 
or even automobile-engine parameter* that can be 
modifled for changes in the composition of each unk 
of gaa. Theae data, changed typically on a weekly 
basis, require about 1000 write cyeiea over a twenty- 
year period. 

One might think that archival dau stenft in gen- 
eral-purpose computers must exceed ETOX wriu 
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endurance. Again, thia la more a perveption than 
reality. The moat proliflc PC uaer might store sev- 
erai ieturs. a coupie targe documenu. a few spread- 
sheeu. and doaens of graphics files in a given week. 
Including flve-minute backup inurrala. ihta barely 
reacnes 2 Mbyte stored per week. Even with fairly 
inefficient "cycle management" (i.e.. spreading 
cy-ciing uniformly among all the flaah devieea). a 
10- Mbyte flaah-memory array would see lees than 
500 write cycles in 20 yeara. And since flaah mem- 
ories sre directly, randomly accessible, the uaer 
sees instant response iinstani writes, too. since 
writes can be handled as baeh^uod taaka during 
subsequent flic readai. 

The bottom line it that eompuurt read much more 
frequently than they write. This exactly matchea the 
ssymmetrical read'write performance of flaah 
memory. 

ETOX flaah memory enables designen to ereaU 
systems which are significantly more reliable, 
lighter, and fasur than thooe baaod on other tech- 
noiogiee. This could creau a demand which far ea- 
ceedi that for earlier nonvolaule memonea. That, tn 
turn, would drive volumes which might lever its 
small cell site into the lowest -cost alurnative. and 
even the grtaust skcpuc would And low eoat hard to 
Ignore. 

For more information on ETOX memory, contart 
Inul Corp. . Literature Dept.. P.O. Boa 68066. Sanu 
Clara. CA 9S0S2-8065. (800) &4M72S. 
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The pnmaz7 dnvmg force bchmd the personai 
computer revolution has been memory, not 
microprocessors. While one cannot give all 
the credit m one place, and micToprocessors 
and software have their esscncial roies. the 
architectures and viabiiity of these small com- 
puters has been due mostly to memory tech- 
nok)g)cs— both scmiconduaor and magnetic 
That sraatwn cononues and more memory crmis are aiboi that 
wiffl force computer sv-stems m new direcoons m the near future 
DKKMs are mmmg out of the ecDnonoc gas that has pnspdled the 
memor>' costs dou7>\fc^. not only ieavmg the door open tor other 
memory tecnnoiogjes but demanding they eiucr. 

Today's memory technologies are bubbling with new possi- 
bdities that ^^Tii hirther revoluuomze systems. At the heart of 
the changes ^*^iJ be nonvolatUe devices. And the major oUver 
there ^vl be Qash technology. ' 

The mraal perswal computers ooukJ have been made with CPUs 
that were not hilly integrated, usmg gate arravs, LSI discrete kxac 
or 2901 bn-sboe architecuires. But they couid not have been rrSe 
without lowHcost. dense DRAM chips arxl tow<ost floppy disk 
dm-es. The success of PCs then gave the ecmcnw: stmihis to 
.Tjracunze hard daks which stimuiated the PC bua«ss runner. 

The center of the computing universe is the data, not the 
processing engine. .Vid the data is tn the memory. And the 
Ideal memory is nonvolatile. 

Besides changing systems, the nonvolatile technologies wUl 
also aiter tne arcmteaure of the semiconduaor business inter- 
nauonaily. with large scale imoaa on trade, pohucal. and ma- 
cro^conomic issues. The leaders in the nonvolatile technol- 
ogies are .^encan companies. .And thev will not license their 
tecnnoiogv' so readily as in the past. 

ddT^w ^ ''^ ^ "^^^ °^ possibiliues from flash. EPROM, EE- 
Y'KOM. battery backing, rrjagneuc. opucal. and the more re- 
•Tiote rerroeiectnc technologies. Ferroeiectnc comes the clos- 
est to oeing the ideal nonvolatile R.AM. but it is the furthest 
Torr. reauty. However, flash is here and. for the first time 
promises to Dnng nonvoutUe devices into the processing hean 
or computing systems in a big way. 

Flash memones can have smaller cells than DRAMS and 
■*-ai be aole to get more benefit from the Utesi lithographic 
ana other processing equipment than DRAMs wUI. With only a 
year on the market the bit-count of flash devices has cauaht 
uo with EPROMs and DR.AMs. all now at 1 megabit per chip 
^' ^" J"5t introduced bv Intel has a die of 

oO.OOO square mils. Current l-Mbii DRAMs are larger at 
aoout 70.000 sqoare mils, and 256 kilobit SRAMs use about 
. D.OOO square mils. l-Mbit EEPROMs are about double, on 
trie order of 130.000 square mils. 

Flash vfcill continue to track EPROM dcnsiues and soon out- 
stnp <?ven DR.AMs. according to Richard Pashley. general 
r.anager of Iniel s nonvolatile memorv business. The only 
:Tiemor>- technologies that continue to track lithography in 
neu- ceU sue are EPROMs and flash devices. 



Flash devices can be read as rapkily as EPROMs or DRAMs. 
But wntmg mio ihcm takes tens of mkroseconds per byte. And 
they are bulk erased in tens to hundreds of milliseconds. 

Such kx\g erase and wnte dmes may seem extreme^ hmrang 
at first thought. But aaually. the bulk of program and data stor- 
age does not need fast erase/write. That is whv magnenc stor- 
age s so important. And that is what has some' flash mcmoo* 
rharketecrs so exc3ted--espedaDy at Intel, which is nowhere in 
the DRAM and SRAM businesses, but the world leader m 
EPROMs. For flash devices are very sffmiar to EPROMs. 

Consider this example. If a computer were constructed with 
m.egab>-tes of fast volatile R.AM directly ser%Tng the CPU. that 
can be erased and rewritten rapidly, massive blocks of nonvo- 
latile flash RAM can take the place of magneuc storage back- 
ing that volatile memory. A few 4-Mbit flash chips >*t1I carry 
more data than most floppy disks. 

Thai backup storage will significanUy speed-up system per- 
formance and eliminate electro-mechanical reliability problems 
as well as lots of weight and 
power dram. The flash devices 



can also be used to reduce the 
amount of volatile RAM. be- 
cause some IS used to store pro- 
grams and dau chat seldom 
needs to be erased and changed. 
Such wnie-seldom sections of 
memor>* can be updated m a sec- 
ond or so. which is less than 
would imtate a human operator. 

Fitting in this scenario, future 
microprocessors will have more 
and more memory on their die. 
That will be a good pUce for the 
fast RAM. made even faster by 
elinrunaiing the inter-package wir- 
ing. And these internal RAMs will 
be organized to match the pro- 
cessing characiensDcs of the 
CPU which IS not the case now 
with discrete RAMs. The flash 
and EPROM devices can then 
connect directly to the micropro- 
cessor package, eliminating dis- 
crete DRAMs and SRAMs. 

.Memory companies everywhere 
are wortang on flash devices. But 
Seeq Technotogy and Intd were 
the first to market. Since then. 
Texas Instruments and Toshiba 
have introduced versions. But Intel 
seems to be the only one supplying 
in significant volume, and it's Intel 



that has put the most corporate 
commitment — money and talent— 
behmd flash. At Intel, flash technol- 
og>- plays directly off its EPROM 
technology tn which Intel is still the 
world leader. 

A p«Mlon for flash 

According to Pashley. "flash is 
the way Intel wOJ get back in the 
read-*-nte memor>- business." In 
Pashley. Intel and perhaps the in- 
dustn* has its flash champion, and 
the success of any. new technol- 
ogy depends on having the capa- 
ble individuals that have the faith 
and lead the cnarge. 

Pashley was the pioneer of 
scalmg. the technique of shrinking 
.MOS devices that is hindamenul 
to the evolution of more and mere 
dense MOS ICs. His process at 
Intel was temied 'HMOS." 

At the recent ISSCC in New 
York Intel described its l-Mbit 
flash memory chip. Seeq Tech- 
nology and National Semicon- 
ductor, who are jointly working 
on flash devices, described a 1- 
Mbit as well. And Texas Instru- 
ments described its latest 
flash, a 256k device that uses 
only a single 5-V supply. 
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>0i Par* Cmr On^ 

Sun* 220 

Oayton 45414 

Tat (513) 890-5350 

TWX 010-4SO-2S30 

PAX: (513) 8904656 

tirvw Com 
257X 
Sue* 100 
nMriiiiuui 44122 
Tel: (216) 464-2736 
TWX: 01&437-9390 
FAX. (004) 383^1673 

OIUAHOMA 

trnrn Com. 
6001 N 
Swtte lis 
Ohtanema Crfy 73183 
Tet i40St 840^006 
FAX- (40S) 840-9019 

OMEGON 

ttmaiCom, 

15254 N W Gr«mn«r 
BuriOmg Q 
BoMM^on 97005 
Tel: (503) 045-005 1 
TWX: 910-167-0741 
FAX: (503) 645-8181 

ROmSTLVANU 

rtnw Com.* 

485 

Su(te230 
Fort Wcinmgion 19034 

Tei: (315)641-1000 
TWX- 510-661-3077 
FAX: (315) 641-0785 

VTft Com.' 
400 Rtnn Center BfWQ. 
Sutte 610 
PttlSOurgn 15335 
Tei (413) 823.4970 
FAX (4131 039-7578 

pvtwro RICO 

ttmei Com 
Soutn iryjustnat Pam 
PC 8oi9i0 
LftS Rieoru 00671 
Tel (809) 733-8616 

T13US 

Com. 

891 1 Caoitai at Tnm nm 
Auftm 78759 
Tet: (513) 794-0006 
PAX (512) 330-9335 

T infet Com • 
12000 Fom ROM 
Swtte 400 
Oalias 75234 
Tel- (2141 241.0087 
FAX: (214) 404.1180 



•irnet Com • 
Ta2 Slrtf Fr, 
Surte 1490 

^^OUSton 77074 
T« f7l3)90»«M 
TWX 91O401-2490 
PAX: r7l3) 9080660 

UTAH 

nmai Com 

420 East 6400 Soum 

Sua 104 

Murrsv 84107 

T« (8011 283-8081 

PAX (0011 260-1457 

VIRGINIA 

nrtTti Com. 

1 504 Senv Roaa Road 
Suite too 
R iCf w m i u 33280 
Tet (0041 383-5688 
FAX (316) 464-3270 

WASMIMOTON 

nrwai Ctto. 

155 loem A«wHi* N e, 
Su(ie308 
6*'e«^98004 
Tel. (308) 453-8088 
TWX 910-443O003 
PAX: (306) 451-9556 
Intel Com 

«08N MuMnRoM 
Suite 102 



Tet 15091938-0006 
PAX (508) 938-9467 

WISCONSIN 

trnei Com « 
3X S. ExecuDw* Or. 
Suite 102 
BrooMeid 53000 
Tel (414) 704-0007 
FAX: (414) 796-3115 

CANADA 

■RmSM COCUMWA 



— _L LW 
458SCmoe W«y 
Suae 302 
Bumeoy V5Q 44^ 
T«» (004) 39»O307 
PAX (604)398^8234 

OP^TARIO 

nntei Semconouaor of 
Cirteoe. UO 
2850 Ouee ne xiew Onv« 
Suite 350 
OnMK20 8N8 
Tet: (6131 829-9714 
PAX (613)830-5938 

Serf*OOnouaor Of 
Caneoa. uo. 
i90AfTM0nw« 
Suite 500 
Reioai* M9W OHO 
Ta* (410) 875-3)08 
FAX. (410) 875-3430 



•met i_ 

Canaoa. Ud. 
MO SL , 
f*o>m9 Omn m9R 3K2' 
Tet (514)8»*-81X 
PAX: an 884 008* 



•Saiea ana Service Office 
e-o 4ooiicJtion uxanor^ 
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DOMESTIC DISTRIBUTORS 



»JtOm Ei*CtTOntC». ifK 

^u'nsvtit* 3M0S 
i2QSt a37.69U 

4940 RvsMTcn Onw« 

.205. a37-72T0 

O'OrwTtennoiogiw Gnxo. 

Unrvvr^iTv Souvt 
-unoviitt 35603 

"ATX a I > 726-2 197 
ARIZONA 

&05 S M«o>lon Onv« 
•*^oe 8528* 

'6021 231-5140 
910-950.00^7 

^amifion-*vnr Eitctronic* 
30 Soum McPV;«fnv 
Ctanoitf 65226 
••1 602! 961-6669 
~'Vx 9:o-950.oorr 

Electronics mc 
•»'34 c Aooc Strwi 
o-^Otnn 85040 
'e- 6C2t 437^750 
"vn 910951 ! 550 

wv.« Oistrowrtion G'OwO 
'"955 N 9iK" C^r^vor -»wv 
»-Ofn«i 65023 

6C2' 2*9.2232 
""ATt 910-951-4282 

CAU^ORNIA 

*''0w e"»cmjnic3 iftC 
'ia24 F^oo* Sireei 
9063C 
~'4, 22'---6300 

'3748 C«*'DO'- 5i'e«! 
--.jrswoT" 9' 3' • 
•f 2'3* 73; -JOO 
9'fr-i93 2066 

.»:fl '<>5-6600 

'-''^ 9*: :j5-33:^ 

i*- Z «30 ii'23 
>• 6*9' 565 *a« 
488 06* 

C «C:'Or-ci 

■-i:."* 9258C 

> - 4. 138 5*22 
-Alt 9'>595-2960 

•*.«e' E-ecrrar-a 

:ojiJ Meu 92626 
*. •S*.«7' 
"Alt 910.595-1928 

•-irrmon *«*^ E-ecvanici 

> 406. 743 33X 
910-309-9332 

•-«mifton.4*mtt EitCfOftcn 

4545 n>agev<«w av««^u« 

3*n 0'«<!0 92*23 

■6-9- Sr*.7500 
-vVt 910-595-2636 

•-■rrMfTon Avntt Eiecftoflici 
^50 Oesoio Av«nu« 
t-Jtiwo-n 9'3t ' 
**t -8181 700-M61 



•*-arT».fion E-ecrra Sms 
' Z^5C A Aaimr^To^ 8fva 
:.^^t' Crv 2023C 
••I :2*r. 558-2456 
TATt 5 0-3*0-4 



'3«iB A«i 190W Scrwt 

GiVCMTtA 9C246 

:«i :2:3J 2!7-67« 

3002 3 3trMt 

Oouno 9 1 76 ' 

Ttt (714) 969-941 1 

2C50* s-umfT^e* 
Cutiwofl" 91351 

.2*3) 700-6271 
TWX 910-494.2207 

•Htm.non Etectro Saits 

^su M«fta 92626 
7r •"•T4. 6Ai^i50 
910-595-2638 

"^rf if!cn A^r E:ecroniC5 
4 103 .Ncmgjte &vc 
S*cr»fT'e»nio 95834 

*9'6i 920.3150 

AVie Oirrouiion Gfouo 
*24 Mtrvi«na Si'aet 
c. ae^urco 90254 
*«• .2-3. 322-8100 

^v»« O-moLtiO" Gfouo 
"382 '■ar'oion Av* 
!i*fO»n -i'ov« 92641 
't4. a9'-:7f 
910.346-71*0 Of 7'M 

"Avt* O'ltrouttoo Grooo 
" '5: Sc.*. Ccnte* Onv« 
''«r^cr>o CofOOv» 95670 
"ei 9'5'636-5282 

•WVl« O-ITOODC^ G'OLD 

3525 C-etaMM* O'^ve 
34- Secc 92*23 
"*< «'9' 5c5 9'"^' 
r^X 910-335-1590 

•wv« C'ftrounon GrauC 
3000 dc««^ Awenut 
S*nu C.*ra 95051 
Te» 406. T- 2500 
•WX 9->136-0296 

*>Avi» O ltroutiOn GrOuO 
"9'2 CC'**^ A»»n^,» 

927-4 
>• '-4 363-9953 
-/srx 9 •0-595- 1572 

Avt« Oir-ocTion GrouO 
266 V. Agcuf* Pa 
:*i»uu 31302 
"e- 8*8 860-9000 
3-2 0232 



COLORADO 

VfOw C'«CW0n<3. trtc 

£-gi#«<ooo 80t'2 

7t» .303-. 79 



CONNECnCl/T 

•Arro* Etecrrontcs :nc 
*2 B««umort ao*a 
AfciincfD'O 06492 
Te! (2C31 265-^41 
TWt. 710-476-0162 

ComfT>ffc« industnu Par* 

Oanourv 066 to 
•ei :2031 797-2800 
7^ 710-456-9974 



9765 E w^cnva •^oao 
Su.it 706 

2'^gitwooc 801 1 1 
'e' 303; '40- JOT 7 
9'0-935-C797 

'^ff^ D r-oution GrCuO 

*51 £ 24^ Awt«^u« 

*-or-rr 6C241 
-303: 4ST.99&3 

9io.93«.orro 



: 12 Mam StTMt 
Nonwj.M 0665 * 

•203t 853-1515 
TWX 7i0-4fia-33?3 

FLORIDA 

•Af»<>* Ei«ctronrca. ine 
400 Pain*nv Orrv* 
Su.t« 102 

D*effte«a Bcacn 3344 1 
Tei 1 305 1 429-8200 
TWX 510-955-9456 

37 S«Vt.n« Or.vt 
i^.n9 3101 

■-4M» MifV 32746 

:et .4071 323-0252 
5 '0.959-633 7 

•nafnifTon.Avn«! Etectromcs 
5601 N W !5m way 
^' UuO*rCMt« 33309 
■ei .305. 971.2900 
510-956-3097 

"*amKTon.Avf*«f E'gCHontq 
3197 T©cn O'vt Noftn 
S: Peteriourg 33702 
> .'8^31 576-3930 
^WX 810-663-0374 

•'•af^.itOft.-A»m#t £*ectrontcs 
5947 onivt'viv 6out«v«ro 
w.nier Paf« 32792 
>• -305. 626-3668 
810-853-0322 

•^•onwTtcnnoiogtes GfSuo. .nc 

337 S '.^«a Bno 

ATwa Mome sof^ngs 3270' 

•et .407. 834.9090 

TWX 810-653 0284 

^ ^^••f Tecnnoiog.ei G'Ov.0 '-ic 
574 S M...iarv Tn) 
2»«'*eto 9B«cn 334*2 
•»i 3C5- 428.68— 
"*VX 510-955-9653 

GEORGIA 

'^r^tym E ecTfOTMCl !nc 
3 ' 55 som-iooos Pann^av 
Su.tt A 

No'crou 30071 
7e< .4041 4*9-8252 
7WX 810-766-0439 

•*«aminon Avn«t E-ecrron.a 
5625 0 P««cnTrn Comers 
NofCf(M» 30092 
*et .4041 4*7 *500 
7WX 810-766-0432 

p cnee' Tecr-'-oioo'ei Grouo inc 

NOfCfOSI 30071 
*e! '40*. **6.i 7* • 
TWX 810-766-4515 



ILUNOIS 

" 40 A T»,QiT^Qji^ 

^jsa 6O143 

*•* '312, 250 0500 

^ 3i2-250 09'6 



•"•aro'ion Awn«» S.ecTTDno 
• • 3C- T*»or-cJ»e Avenut 
5«nitnv»»te 60 1 06 
'f .3121860--80 
TA-X 910-227-0060 

un Systefvis Sm« 
**X W TN>mo«i» 
■Uica 60143 

;3121 •"3-:3X 

'p-Of^t^f ctec:ron:a 
'551 C*f?T'eti 
£>« Groe viiiao* 60007 
'e 312.437 9660 
9'0.222 1634 

INDIANA 

"•jr^m £tecror..c» -nc 
2495 Dirtctd Aow Suite « 
'XSianaootis 4624 • 
*e 317-, 243 9353 
r/ft 810-341. 3"9 

•t*mifto« Avf»#i E^roftics 
465 Graait Orrv* 
Carrot* 46032 
7et .31 7? 84A.9333 
*V/X 8t0-260-39«6 

EtecrroH'CS 
S408 Casneotaee Dm^ 
"S.anADOt'S 46250 
"e- .2*.?\ 849-7300 
"AK 810-260-1794 

IOWA 

-awtnon'Aw««! Etearomcs 
9' 5 33rO Avenue S A 
:ea«r Raoias 52404 

:3i9i 362-475- 

KANSAS 

V'ow Eiectrontcj 

8206 Metros* Or Sune 2t0 

.Sf^eia 66214 

•r '913 . 541-9542 

•-am.iton.Awne! E-ectronia 
92*9 Outvera Pcao 
^'enaryj Pi« 662*5 

9131 888-8900 
-VX 910-7*3-0005 

= f-ee' Tec Cf 
' :55i Locwfin flc 
.e-^cta 66215 
*e* 9' 31 492 CSX 

KEMTUCKY 

' :5i 0 .Newto*- oa'- 
.eimgion 405 1 1 
'•I .606) 259-14 75 

MARYLAND 

*''0« electronics irc 
!3X Guiftoro Orrve 

5-.te P.vef Cenie» 

Zciufro.a 2*046 

-3011 995-0X3 
-AX 7'0-236-9X5 

■^amifton-Avnet E:ecironrc» 
^822 Oar ^ari Line 
CcJurpo.a 21045 

.301. 995.35X 
-wrt 7->a62.i66i 

•Metj Tecnnoiogy Cero 
3720 Patuient wooas Or 
Ittumoi* 21046 
> 301. 290-8150 
r^fx 710-828 9702 

"^cee* Tecinoiog*es Grouo mc 
9'X G4imer Poac 
Gaane'iourg 2087" 
*e> 3011 9210660 
~Mt 7'0-828-0545 



'524 Siana.sn p'jce 
3oc«w»e 20854 
'»> 30' -424 024* 

MASSACHUSETTS 
Aro» E«ctronpc3 tnc 

25 ucton Or 
A-tm.f%qton 01667 
^e- 61-. 335 5*34 
••^irr.Jton AvT%»» E-VCffOTbCS 

'OC C«nie^»<.ai On^t 
^•AOOOv 3*960 
'r •617- 53' 7430 
■WX "0 393-0382 

33 wAf-c'c^e 5t 
a^n.-cic- :-3'3 
^■cne«f Eiearonid 
** •^a'%i»»« Avenue 

'e, 617- 96'-92X 
"-VX 7*3 326.6617 

MtCHtGAN 

*"0*> E.ecfon.cs .mc 
*55 *>*>oen.i Onve 
Ann Atdo' 48-04 

3*3 971 8220 
-AX 3'C 223 6020 
••arti.j»on Awnet E'ec:?onic» 
2215 2»r Street S E 
Sojce AS 

ZfMna •^ao.QS 49506 
616* 243 8805 
:WX 8i0.:'4.692! 
^ or-ee' E wron.CT 

4504 arO*OfTioor S E 

Grana PaoiOi 49508 
= AJ( 616.696.1831 
•**a'»'.flon'Awnei EfeCTTontcs 

32487 Scnotscran Boeo 
uvon.a 48150 
•ei 3'3i 522-47X 
^Vft 310 282-8775 
•o,one»r M.cn.gan 
' 3465 Siamtcro 
w<ronia 46150 

i3*3. 525 '9X 
TAX 810-242.3271 

MINNESOTA 

•Arrow E-ectronci ir%c 
5230 w 73ra Street 
Eama 55435 
'e< -612) 830- ifiX 
-AX 9'0 576-3125 
•"•im.fton.A^^net C'ecironics 
' 24X At.tawaie' Qrw 
M.nne!on»a 55434 
-6i2i 932 06X 
*p<onM» E'eciron.ca 
'525 Goioen T- ange 0» 
Suite G 

= 3e« *>.„n 553*3 
7e' (6121 94*. 3355 
MISSOURI 

•Arrow Eiearonics mc 
2380 Scnuea 
S: LOuts 63141 

.3'4i 567-6686 
TAX 910-764^)882 
•H»m,Bon.Avr%»i Etectrtfitcs 
13743 ^noretme Coun 
c*m C.rv 63045 
Tei .3*4. 3A4-12X 
TWX 910-762-0664 

NEW MAMPSHinC 

'A-^ow Eiectrontcj. tnc 
3 Per.meie'.PoAO 
Mancnesier 03103 
7ei '6031 666-6966 
^AX 710 220-1664 

•Mammon-Avnei E'ecron.ca 
44* E inausmai O'rve 
Mancrerer 03103 
.6031 624-94X 



crocomoLrter Syi!e<^ ^ecnn.cai O'rr'ou:©' Ceme* 
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Intel' 



DOMESTIC DISTRIBUTORS (Contd.) 



NflW JtASCT 

•Anow gi^cwsnci. inc. 
Four E«t SUw Aoad 
unrt n 

wanton 0a0ft3 
T«- (6O0» 506-6000 
TWX: 7l0-«97-0a39 

tAfTQw Etoctnmci 
a Camury Onvt 

Tti: (201) &38-0900 

rn«fWton/Avn« £)«ceronci 
1 H«vfton« Av.. BtOQ. 36 
Crwry Mtii 06003 
T« (600)424-0110 
TWX; 710-»4042«2 



mamiftorvAvrtct £] 
1 0 inauftnai 
Fair«aid 07006 
T« (20n 975.S300 
TWX 710-734-4366 

tMTi Sy«wm« S«iM 
37 Kuiica no. 
Ftjfflaio 07006 
T«; (301 1 U7-95S3 

♦P'Onatr Eiectromo 
43 Rotrt* 44 
^ntoroOB 07056 
T«f (201 J 575-3St0 
TWX 710-734-4362 



66 CofDonta Onva 
Bingnannon 1390* 
Tat. (60n 722 9300 
TVO(: 910-252-0093 



NCW MIXICO 



I EiacTiu'iici tftc. 
i:030Cocnrt) S.E 
AJDuOuafOua 67123 
Tm (SOS) 292-3360 
rWX. 910-960-1161 

HamieorvAvnat Etactroncai 
2524 Bayter Onva S.E. 
Ajauouaraut 07i06 
Tat (509) 76M500 
TWX 910-96^0614 



NEW YORK 

♦*frow Ewctronici. tnc 
3375 Sngmon nannvna 

«ocra«af 14*23 

r7!6l 275-0300 
TWX 5l0-253-«766 

Amjwf fitaoronicB. inc 
20 Osaf Avanua 
"^auooaviga 1 1 7B6 

1516) 231-1000 
TWX, 510-227-6623 

^ aflwto'v Avfiai 
933 Mmor Pinnviv 
<^auooauoa ii768 
Tai r3l6) 231-9600 
TWX. 910-224-6166 

*Haftititon/A\ma( Etactrend 
333 Mavo Ptft 
Rocnastar i4A23 
Ta* (716) 475-9130 
TWX; 910-2S3-S470 

tHafftiffon/Avnat Etaciro ma 
103 Tvwm Oait Om« 
Syvacuaa 13200 
Tai 13191 437-0266 
TWX 710-54I-I560 

?MTi Swiamt Sa>aa 
36 Haiw "tn Onva 
Port waarxr^on t i 090 
Ta« (516) 621-6200 



40 Oaar AvvTM 

nauooauga ti 

Tai: (916) 231 



60 Crotiwav Ptm waai 

wooOfiufy. bjorw tMOO 11797 
Tai- (516) 921-6700 
TWX: 910-221.2164 

tPior^aar E^actronica 
640 FairDort Pan 
Caireert i44S0 
Tat (7161 361-7070 
TWX: 910-253-7001 

NOfrm CAMOUNA 

rAnow Eiactrortfca. tnc. ' 
5240 Graanaoatry Road 
Rataton 27604 
Tat; (919) 876-3132 
TWX: 910-920-1696 

♦Mar»^on/Av«a! E)aciror\iea 
3910 Sonr>g Foraai Orrva 
Raia^r 27604 
Tat .9191 670O619 
TWX. 510-926-1636 

P'O^aar'Tacnnoiooiaa Grouo. tnc. 
9601 A-Soumam ^na Bnc 
CnanoRa 26210 
Tat (919) 927-6166 
TWX. 010-621-0366 



OHIO 

ArT»» Eiactronica. inc. 
7620 McEwan Aoao 
Camarvitia 4»499 
Tat (5131 A35-9S63 
TWX 610^59-1611 

TAm^v Eiectrontcs ir< 
6236 Coenran noao 
So«r» 44139 
Tt« (2161 346-3990 
TWX. 810-427 9409 

rwaniiiton'Avnat Eiactronca 
964 Sarvita Onva 
Dayton 4 5499 
'm ;513t 439-6733 
TWX 610-490-2S31 

*iamifton.Avnat Elactrentca 
4966 Emarv moustnai Pirwv 
«Ararransviiia Hatgrtta 44i38 
Tat (3161 349-5100 
TWX 8t0-»27-9492 

rMamttton Awnaf Eiacironica 

777 BroOKtaOQa BM3 

Manarvtiia O06i 
Tat (6l4t 662-70O4 



4433 imafDomt Boutavara 
Dayton 4&434 
Tat (9131 236-9900 
TWX. 810^99-1622 



4600 E l3inSlraa« 
C ianat an o 44i09 
Ta« (216) 967.3600 
TWX. 610^22.2211 

OIOAMOMA 

Arrow EiacDDnci. inc. 
1211 E 91S1SL. Suna tOt 
Tuiaa 74140 
Tai i9l6) 252-7937 



THaffiBoo/ Ai^w ElaOFoniCB 
12121 E Sir St.. Suta i02A 
Tuiaa 74146 
Tat: (916) 252-7297 

OKCOOM 

TArwc EtaLUuiiLa Com. 
1669 NW. 16901 Ptaea 
O aa>ianen 97QQ6 
Tat: (503) 629-6090 
TWX: 91&4674746 



16200 Knmar 
Aunn 76751 

Ta*. (51211 . .. 
TWX. 910474.1323 



6034 S.W, Jt 
BtQQ. C. Su(ta 10 
UKa Oawaoo 97034 
Tat: (903) 635-7ft40 
TWX: 9104554179 

w>rta Ottnounen Groue 
9250 N.E. Elam Young 
Sufta600 
Miiitooro 97124 
Tat- (503) 04O0000 
TWX; 91O460-2203 



PENNtYLVAMU 

Arrw Elactromd. inc. 
OSOSaco Roaa 
■Monroavma I9i46 
Tat (4121 656-7000 

MamritOA/Avnat Eta cu o nc a 
2800 UOafty Av« 
P-ttBourgn 19230 
Tat. (412) 201-4150 

^onaar Elacnonica 
299 Kaooa Onva 
PrRBOurgn 15230 
Tat- (412) 782-2300 
TWX: 710-795-3122 

T P ionaar^a cf i n otogia a Grauo. tnc 
Oatawara y«My 
201 Gioraitar Road 

Horvwn 19044 
Tai. (219) 674-4000 
TWX; 5104654778 



TCXAS 

TArroar Etactronia. tnc. 
3220 Commanoar Orrva 
CAfTOtrton 75006 
Ta« (3i4> 3604464 
TWX 910460-5377 

TAfTTjw Etactronics. inc. 
1 0099 tCngnufft 
Suta 100 
«ou«lon 77099 
Tti (7131 530-4700 
TWX 910-660-4A39 



r Elactronci. inc 
2227 W Branar Lmrm 
AtiKin 7S758 
Tat (5121 635-4160 
TWX 910-674.1346 



tHarrtifiorvAvnai Eli 
1607 W Branar Ltna 
Auftin 78756 
Tat 19121 637-8911 
TWX: 910474.T319 

tHammorvAwnaf Etact r or uci 
21 1 1 w wainut Mm Ltna 
irving 75036 
Tat (2141 5504i*i 
TWX 910-6605929 

TMamittorvAvnat Etactfonca 
4650 wngm Ra . Suna 190 
SUtt0<fl 774 77 
Tat f7i3) 240-7733 
TWX 910461-5523 



13710 



Ofnaga f 
75234 



Tai (214) 300-7300 
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In today's dizrying array of memory 
choices, the design engineer's job is to 
match memoVy characteristics to the 
application. Intel has pioneered many 
memory devices to suit a wide variety of 
applications. The first step to narrowing 
down your choice is to determine the 
type of memory you are designing — data 
store br program store. After this has been^ 
Hone, the next step is to prioritize the 
following factors: Performance, Power 
Consamption, Density and Cost. 

Most of this handbook is devoted to 
techniques and information to help you • 
design/and implement semiconductor * 
memory in your application or system. 
Informative data sheets on DRAMs, 
SRAMs, EPROMs and Hash Memories 
contain many comprehensive charts, 
block diagrams, operating characteristics 
and programming modes. Application 
notes ^jroyide diagrams and hardware 
design information. In addition, there are 
fhamy interesting and helpftil article 
reprints.' 
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